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ABSTRACT 


The equilibrium compositions and linear spectral absorption 1 
coefficients and Planck and Rosseland mean absorption coefficients 
have been computed for carbon-hydrogen mixtures with carbon/hydro- 
gen mass ratios of 0.005, 0.01 and 0.05, temperatures of 1600, 2200, 
3000, 4000, 5000, 6500, 8000, and 10, 000°K, and gas pressures of 
100, 500, and 1000 atmospheres for the wave number range 7000 - 
68,000 cm - * (approximately). The possible presence of condensed 
carbon has been considered in the composition calculations, but 
none was found. The major absorption was found to be due to mole- 
cular electronic transitions in H 2 > CH^, C 2 H, and C 2 H 4 , and to H" 
photodetachment and neutral free-free processes, although each 
did not contribute strongly for all of the temperatures, pressures, 

C/H mass ratios, and spectral frequencies considered, of course. 
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SUMMARY 


The purpose of this work is to 'calculate the optical constants 
(spectral absorption coefficients and Planck and Rosseland mean ab- 
sorption coefficients) of- carbon-hydrogen mixtures for application. to 
the design of- gaseous -core nuclear rocket propulsion systems'. We 
have calculated the equilibrium-compositions, and from these ’the 
optical' constants / for such mixtures for total gas pressures of - 100 , 
500, and 1 000' atmospheres , -gas temperatures of 1600, 2200; -3000, 
4000, 5000;- 6500, -8000, and TO, 000 K, with carbon /hydrogen- mass 
ratios of ' 0. 005, 0. 01, and 0.05, a total of 72 cases. The computer 
calculations of-' equilibrium composition include 65 species ,-'. arabng . 
them 's.olid carbon (graphite). The computer calculations of the 
optical constants included absorption by molecular 'electronic transi- 
tions,- comprised of- 16 transitions in the diatomic molecules H^, 

OH,- CH‘‘ + and C 2 , and 23 transitions in 'the triatomic and polyatomic 
m'ol'ecules CH 2 , CH 3 , C 2 H, C 2 H 2 » C^,- and (benzene),- 

photoi'onization absorption by C- and H- atoms,' radiative association 
absorption by H-atoms/ photodetachment-absor.ption by C“- and H"- 
ions, and’ free-free absorption by electrons in' the fields of neutral - 
and singly-ionized species. The pressure-induced absorption by,--. 

- H 2 molecues .was ignored in these calculations. 


The composition calculations showed that no condensed carbon 
(graphite), either solid or liquid, was present' in any of _ the mixtures. 
The principal species' in the mixtures were Hg '-and CH 4 at the- lower 
temperatures considered, and H 2 > H,-' C, C 2 , CH, C 2 H, ’and C 2 H 2 , 
at the’ higher -temperatures. The optical- absorption is principally 
due to electronic transitions in- molecules and to. H. - photodetachment 
and the-neutraTfree-fre’e processes, the contribution of each vary- 
ing with the gas conditions of course. The omission of the. pressure- 
induced spectrum of the H 2 molecule appears to give significant 
errors in the computed optical constants at the lower temperatures 
considered, • and this is*probably the major limitation of the results 
reported here.- - -The optical constants exceed -1 . cm" 1 by a goodly 
arriount at the higher temperatures and - pressures considered, , a 
major’fact'to be considered 'in the design of nuclear propellant- 
systems using carbon-seeded hydrogen gas as. a propellant. 



INTRODUCTION 


The optical constants (spectral absorption coefficients, spec- 
tral emissivities, and spectrally -averaged opacities of various types) 
of complex equilibrium gas mixtures are of great interest in many 
•fields, including astrophysics , missile re -entry -physics, and nuclear 
rocket technology. Many years have been devoted to the study of the 
optical constants of air to high temperatures for a, wide range of pres- 
sures. The first calculations of the optical .cons tants of. carbon vapor 
and' carbon-air mixtures to high temperatures were performed by 
Main and Bauer^) in 1964, and this work was extended by them ' -> ' 

to the thermal decomposition products of composite missile heat 
shield materials and hydrocarbon-air mixtures at high temperatures 
and high pressures. Main ( 4 Hias further extended-this work to 
fluorocarbon-air mixtures and Hooker, Mors ell, and Main | have 
published a combined experimental and theoretical study of the optical 
constants of thermally decomposed phenolic carbon and phenolic silica, 
both mixed with air and mixed with inert argon diluent. Experimental 
studies of the optical constants of thermally decomposed Teflon and 
Teflon-nitrogen mixtures to high temperatures have also been 
reported 'in the literatur e&K Later authors have published in the 
open literature theoretical studies of the optical constants of various 
missile heat shield materials for application to missile re-entry 
problems (? » 8) relating closely to the earlier theoretical work of 
Main and Bauer and to the present work. 

The state-of-the-art of the theoretical calculations has now. 
advanced to the stage- where meaningful calculations of the optical 
constants of complex gas -mixtures can now be routinely undertaken 
with the aid of large computers; the principal uncertainties, in these 
calculations usually arise from our lack of adequate experimental 
studies of such requisite quantities as oscillator strengths of mole- 
cular transitions, thermochemical parameters, etc. - - 

To calculate the optical constants of a complex equilibrium 
gas mixture, one must first calculate its equilibrium species compo- 
sition. This requires computer calculations, usually based on-free- 
energy minimization, for the temperatures, pressures, and initial 
compositions' of interest. -With the equilibrium species compositions 
in hand, the optical constants can then be calculated utilizing detailed 
information on the intensities and spectral distributions of the impor- 
tant radiative and absorptive processes. For complex gas mixtures. 
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usually many such processes must be taken into account. For example, 
in the computer calculations of Main and Bauer for hydrocarbon- air 
mixture's it was necessary for the temperatures and pressures 

considered to take into account 52 electronic band systems in dia- 
tomic molecules, 42 electronic band systems in triatomic and poly- 
atomic molecules, photodetachment from C-, O-, and H- negative 
ions, free-free processes involving positive ions and neutral species, 
and radiative association of hydrogen atoms. It is necessary in such 
calculations to make many approximations, partly to keep their com- 
plexity within reasonable bounds, and partly to take account of the 
inadequate experimental and theoretical data that must be used in 
them. Nevertheless, the theoretical calculations appear to agree 
reasonably well with experiment in even thermochemically compli- 
cated cases (5). For this reason, it is realistic to expect reasonably 
accurate theoretical results for the optical constants of the carbon- 
hydrogen mixtures considered in the present work, subject to the 
qualifications and uncertainties to be named and discussed later. 

In the present work we calculate the equilibrium compositions 
and optical constants (linear spectral absorption coefficients and 
Planck and Rosseland mean opacities) for carbon-hydrogen mixtures 
specified by all combinations of the following conditions: 

Carbon /Hydro gen Mass Ratio = 0. 005 f 0. 01, and 0. 05 

Temperatures = 1600, 2200, 3000, 4000, 5000, 6500, 

8000, and 10, 000°K 

/Total Gas Pressures = 100, 500, and 1000 atmospheres, 

a total of 72 cases in all. The equilibrium compositions are calcu- 
lated using a standard computer program, for, an assumed set of 
final species, including solid carbon (graphite). The optical con- 
stants are calculated using a computer program developed by the 
present author, and which takes account of the important radiative 
absorption mechanisms for all species for which adequate quantitative 
spectroscopic data exist. This is the first theoretical study of this 
nature for carbon-hydrogen mixtures, and its results are intended 
to be of use in the design of gaseous -core nuclear rockets. It will 
be important in this connection to define as accurately as possible 
the uncertainties "existing in the calculations reported herein, since 
engineering decisions should take such uncertainties into account. 
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• The main results of this work are given in the present re- 
port, and a copy of the print- out of the computer calculations of 
equilibrium compositions is given herein. However, only the 
major results for the optical constants are reproduced here . A 
complete copy of the print- out of the optical constants, which 
includes columns giving the contributions due to each molecular 
band system and each absorption mechanism for each mixture, 
has not been given in the present r.eport due to its great length 
(c. 800 pages), but discussion of this sufficient for most purpose.s 
is given in the text here. 


CALCULATIONS OF COMPOSITIONS 
The HUG Composition Program 


The equilibrium compositions -of the carbon-hydrogen 
mixtures of interest were calculated with the HUG computer 
program^). This program can optionally solve the Rankine- 
Hugoniot equations for normal shock waves in reactive gas mix- 
tures, or compute the equilibrium composition of reactive gas 
mixtures for specified end conditions of temperature and_pres- 
sure (only the latter option is of interest here). The technique 
used for finding equilibrium compositions is that of minimiza- 
tion of the thermodynamic free- energy, subject to conservation 
conditions, by the Brinkley method^ as extended to two- 
phase systems by Fickett^ 1 ). The HUG program incorporates 
a simultaneous consideration of a two-phase equilibrium with 
the single-phase equilibrium of the gaseous species; thus, in 
the present work, the carbon gas-solid equilibrium may be 
separately considered, and the fractional amount of condensed 
carbon, where it occurs, will be computed by the HUG pro- 
gram. The HUG program is currently run on an IBM 360-65 
machine emulating the IBM 7094. 

The input- data to the HUG program are the dimensionless 
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enthalpies and free energies and the heats of formation (at 0°K) of 
the species to be included in the equilibrium composition calculations, 
the initial species composition of the mixtures, and the final temperatures 
and pressures desired. The HUG program has been in regular use 
at Heliodyne Corporation for over four years, and we have compared 
the results obtained with it to those obtained by other workers using 
similar computer programs. We find excellent agreement in all 
cases where comparisons are possible, and we unhesitatingly made 
use of the HUG program in the present work. 

A feature of the HUG computer program worth noting is that 
in the input data certain species must be specified as "independent 
species"; the number of such species must be equal to the number 
of fundamental components of the mixtures to be considered, and 
the independent species must collectively contain all of these funda- 
mental components. For the present calculations, the fundamental 
components are C,- H, C(s; graphite), and e" (free electrons), and 
all of the species in- the mixtures considered are formed from these. 

We have chosen as basic independent species the two sets: 

CH^; H^; C(s; graphite); e - (low temperatures) 

C; H; C(s; graphite); e“ (high temperatures). 

A limitation of the HUG program as presently established is 
that ydien the computed mole fraction of an independent species drops 
in value below 10“^, then all computations will cease. This is 
not generally a serious limitation, since nearly always substitution 
of an alternative set of independent species will yield results. 

However, when the computed mole fraction of free electrons, e”, 
is less than 10 “ 6, then neither the mole fraction of e“ nor that of ■ 
any ionized species can be computed. Also, the "machine zero" 
for the IBM System 360 emulating the IBM 7094 is 1. 8048514 X 10 r ^, 
and this is the smallest mole fraction which can be computed. Mole 
fractions that are less than or equal to this number are printed-out 
as this number. This causes an error for species whose mole frac- 
tions are less than this number, but such an error is never serious 
in the present work. 

For the composition calculations, we have transformed the 
C/H mass ratios to be considered to initial mole fractions which 
sum to unity to five decimal places, as required by the HUG com- 


5 



puter program. Using the standard atomic weights (chemical scale) 
for C(12. 010 gm/mole) and H(l. 0080 gm/mole), we find: 

Initial mole fractions 

C/H Mass ratio C H_ 


0.005 

0. 00041947 

0. 99958053 

0. 01 

0. 00083860 

0. 99916140 

0. 05 

0. 0041790 

0. 9958210 


These values for the initial mole fractions have been used in the 
composition calculations of the present work. 

We have written at Heliodyne Corporation a computer pro- 
gram to compute fourth-degree polynomial temperature 'fits to the 
thermodynamic functions of species for use with the HUG program. 
This computer program generates "least squares" best temperature 
fits to tabular data for the dimensionless enthalpy, (H T - Hq)/RT, 
and the dimensionless free energy, (Fi^ - Hq)/RT, according to: 



KT 


= A + BT + CT 2 + DT 3 + ET 4 


(1) 


■^T ~ H 0 12 1 3 

•• ~ Vt ~ = A (1 - In T) - BT - -CT -- DT 

fit 

- |*ET 4 - K, (2) 

(9) 

which are the formats required by the HUG program ■ . Duff and 

Bauer^^ have found that, on average, these optimized fits can 
reproduce the input tabular data to within a small' fraction 'of one 
per cent, and we have generally verified this. Values for the' 
entropies and specific heats maybe obtained from these fit co- 
efficients . 


The least squares evaluation of the fit coefficients in Eqs . 

(1) and (2) can be limited to any temperature range. For many 
species considered here, these fit coefficients were already avail- 
able in the literature for much of the temperature range of interest, 
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and these have been adopted here (cf. Table 1). Most of the thermo- 
dynamic data for the species of interest here, whether tabular or in 
the form of the fit coefficients, extends (or are valid) only to- 
T = 6000° K (cf. Table 1). In order to perform the composition 
calculations, we have used the fit coefficients, whether calculated 
by us or by others, up to the highest temperature considered here, 

T - 10, 000°K, even though their validity in this connection is 
questionable. This will introduce unknown errors into our compo- 
sition calculations for T >6000° K, but no alternative to this approach 
is feasible in work of the present type. 

Species Considered 

The choice of species to be considered in the composition 
calculations has been based on the author's conjectures of those 
expected to be present in the mixtures considered for the conditions 
of interest, on the basis of previous work related to the work at 
hand (principally that of Ref. 12), and on the availability of the 
required thermodynamic functions. 

Based on these considerations, the species listed in Table 1 
have been included in the composition calculations. For the more 
complex species, we have used thermodynamic data appropriate to 
the "average" over all known isomers with a given chemical formula. 
This procedure was used by Duff and Bauer ^ ^ in their calculations 
of the compositions of carbon- hydrogen mixtures, and we have 
usually, where such an "averaging" was necessary, used their 
recommended and properly weighted "average" fit coefficients 
(Eqs . (1) and (2)) and heats of formation in our composition cal- 
culations. This is a realistic approach to the problem of calcu- 
lating the compositions of gas mixtures containing many complex 
species, since often the isomeric composition is (as here) not of 
great interest, and generally the thermodynamic quantities differ 
little among isomers with the same chemical formula (cf. Ref. 12, 
pp. 44 and 45). A complete listing of the fit coefficients used 
(Eqs. 1 and 2) are given in Appendix B, before the results of the 
composition calculations. 



TABLE 1' 


SPECIES CONSIDERED IN THE COMPOSITION. CALCULATIONS. 


• Species 

Thermodynamic data 

Remarks 

(Chemical formula) 

Source (Footnote No. ) 

(Footnote No. 

C(g> 

1 

8 

H 

' 1 

8 

H 2 

1 

8 

CH 

1 

8 

CH Z 

1 

8 

CH 3 

1 

8 

CH 4 

1 

8 

C 2 

1 

8 

C 2 H 

1 

8 

C 2 H 2 

1 

8 

C 2 H 3 

2 

9 

C 2 H 4 

1 

8 

C 2 H 6 

2 

9 

C 3 

3 

. 8 

C 3 H 

2 

9 

C 3 H 2 

2 

9 

C 3 H 3 

2 

9 

C 3 H 4 

2 

9, 10 

C 3 H 5 

2 

9 

C 3 H 6 

2 

9, 11 

C 3 H 8 

2 

9 

C 4 

1 

8 

C 4 H 

2 

9 

■°4 H 2 

2 

9 
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TABLE 1 (Cont'd. ) 


C.H, 
4 3 

2 

V 

c.h 

4 4 

2 

9, 11 

C.H, 
4 5 

2 

9, 11 

C A 

2 

9, 11 

C 4 H 8 

2 

9, 11 

C 4 H !0 

2 

9, 11 

C 5 

1 

8 

C 5 H 

2 

9 

C 5 H 2 

2 

9 

C 5 H 3 

2 

9 

C 5 H 4 

2 

9, 11 

C 5 H 6 

2 

9 

C 6 

2 

9 

C 6 H 

2 

9 

C 6 H 2 

2 

9 

C,H„ 

2 

'9 

6 3 



C 6 H 4 

2 

9, 12 

C 6 H 6 

2 

9 

C 7 

2 

9 

C 7 H 

2 

9 

C H 

2 

9 

7 2 



Q 
c» ■ 

2 

9 

C 8 H 

2 

9 

V.' 

2 

9 

C 9 ' 

2 

9 

S H 

2 

9 

C 9 H 2 

2 

9 


9 



TABLE 1 (Cont'd. ) 


C 

C 

c 
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10 H 2 


C 

C 

H 

H 

H 

H 


+ 


+ 

? 


CH 

CH 


+ 


C(s; graphite) 


2 

2 

2 

1 

4 
1 
1 
1 

5 

5 

6 
7 
1 
1 


Footnotes to Table 1 


9 

9 

9 

8 

9 

8 

8 

8 


13 

8 

8 

8 


1. Tabular data and AH f (T = 0° K) taken from JANAF Thermo - 
chemical Tables, The Dow Chemical Company, Midland, 

Michigan (August, 1965), and from the first and second 
addendums thereto, dated, respectively, August, 1966, and 
August, 1967. The most recent of the data given in this 
reference has been used for each species. 

2. Fit coefficient data and AH^(T = 0° K) taken from R. E. Duff 
and S. H. Bauer, The Equilibrium Composition of the C/H 
System at Elevated Temperatures . Los Alamos Scientific 

• Laboratory Report LA-2556 (June, 1961), including corrections 
of errors given in Table VI (p. 49) of that work. 

3. Tabular data taken from H. L. Strauss and E. Thiele, J . Chem. 
Phys . 46 , 2473 (1967). The value for AH f (T = 0° K) is" taken from 
the reference of Footnote 1 (above). 
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4 . 


Fit coefficient data and AHj- ,{T = 0° K) taken from P. R. Smith, 

W. G. Vulliet, and W. B. Bindley, Predictions of Thermal 
Damage in Nuclear Fireballs. II. Material Properties . 

U. S. Air Force Flight Dynamics. Baboratory Report AFFDB- 
TR-66-45, Vol. II (June, 1966), p. 3. 

5. Tabular data and AH^ (T = 0° K) taken from R. W. Patch and 

B. J. McBride, Partition Functions and Thermodynamic 
Properties to High Temperatures for H g and NASA TN 

D-4523 (April, 1968). These data were fitted over the 
temperature range 1000 - 10, 000°K. 

6 . Tabular data and AH^ (T = 0°K) hand-calculated by the present 
author (cf. Appendix A), and fitted for the temperature range 
1000 - 10 , 000 ° K. 

7,. Tabular data taken from D. G. Clifton, Approximate Thermo - 
dynamic Functions for the H - gO^g), HCO + (g), and CHg(g) Ions . 
General Motors Corporation Defense Research Baboratories 
Report TR 64- 02D (July, 1964). AH f (T = 0° K) = 259. 7 kcal/mole 
calculated by the present author using the value of this quantity 
for CH 3 (32.8 kcal/mole) from the reference of Footnote l(above) 
and a CHg first ionization potential of 9. 84 ev, as given in 
W. C. Price, "Potentiels d 1 ionisation moleculaires determined 
spectroscopiquement. ", Annexe I to B. Rosen,. "Spectroscopie 
electronique moleculaire, " in S. Flugge (ed. ) Handbuch der 
Physik XXVII, Springer , Berlin (1964). 

8 . The tabular thermodynamic data were given only up to T = 6000° K. 

We have used our fourth-order polynomial fits to these data for 

the range 1000 - 6000° K up to the highest temperature (T = 10, 000° K) 
in the present composition calculations. 

9. The fit coefficient data given in the pertinent reference were 
for the range T = 1500 - 6000° K, inclusive, and these were 
applied here up to the highest temperature (T = 10, 000° K) in 
the present composition calculations. 

10. Grouping of isomers and "average" fit coefficients and heats 
of formation were used, per Table V (p. 48) of the reference 
of Footnote 2 (above). 
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Fit coefficients for selected isomers of Table IY (pp. 44 - 45) 
of the reference of Footnote 2 (above) were adopted in the 
present composition calculations, as follows: 


Species 


Selected isomer 


Line in Table IV 


12 . 


C 3 H 6 

Propene 

55 

C 4 H 4 

vinyl acetylene 
CH-C = C = CH 2 

43 

C.H _ 
4 5 

53 

G H. 

1 , 3 butadiene 

59 

4 6 

C H 

trans- 2-butene 

67 

4 8 

C 4 H 10 

isobutane 

70 

C 5 H 4 

HC = CC = CCH 3 

45 

For C^H^ we have 

used the fit coefficients 

given in line 48 

T-< 4 , "’I/! 


with the corrections given in the "Note" to Table IV (p. 48) 
of that reference. 


13. See Appendix A of the present report for a discussion of 
these data. 

For the species G.^ we have used the latest thermochemical 
data (cf. Table 1), which is based on the recently -discussed very 
low bending frequency of this radical, although this has been quest- 
ioned^ 13 ^. For CH + we have hand -calculated the thermodynamic 
functions (Appendix A). 


Condensed Phases 

There is, due to the temperature and pressure range con- 
sidered, the possibility that carbon will condense in the mixtures 
of interest. This possibility can be considered by the HUG com- 
puter program for a single condensed phase. The HUG program 
assumes that the condensed phase has a constant molar volume 
over the temperature and pressure ranges considered in the equi- 
librium composition calculations, and it ignores the small effects 
of pressure on the enthalpy and chemical potential of the condensed 
phase. With these assumptions, the HUG program attempts to 
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satisfy the equilibrium conditions assuming that the condensed phase 
is present; when unable to do so, it is determined that the mole 
number of the condensed phase is zero. For the conditions of interest 
here there is the possibility that carbon may condense in either solid 
or liquid form (or both). We have the requisite thermodynamic 
functions only for solid carbon (graphite), and we can consider 
only this species in the computer calculations of cpmpositions . 

For liquid carbon, the available literature data will permit us to 
estimate whether the partial pressure of condensable carbon, which 
is the partial pressure of the species C n (n = 0 -»■ 10), in our case, 
is ever sufficiently large in the mixtures of interest to yield possible 
condensation to liquid carbon. The triple point of carbon occurs 
at 4225° K and 103 atm^ 4 ), and the critical point is estimated to be 
at about 7000° K and 10, 000 atm. Recent work has defined the 

solid-liquid equilibrium line above the triple point^ 4, ^). On the 
basis of the low C/H mass ratio and the total gas pressures to be 
considered, we would expect that liquid carbon will not occur in 
any of them. We give in the "Discussion of Results" section im- 
mediately below our evaluation of this problem; any condensed 
carbon that might be present in the mixtures considered is not 
to be considered in the calculations of their optical constants. 

Discussion of Results 

. We give both tabular and graphical presentations of the results 
of the computer calculations of the compositions of the carbon-hydro- 
gen mixtures considered. The print-out of the HUG computer pro- 
gram is given as Appendix C to this report, and a hand-plot of some 
of this is given in Figure 1. 

Probably the most significant result of the HUG composition 
calculations is that no solid carbon (graphite) was found in any of the 
mixtures considered. This is due to the low initial mole fraction 
(about 4. X 10~ 4 to 4. X 10“^) of carbon in these mixtures, which 
assures that the partial pressure of considerable species, C n 
(n = 0 -* 10), will always be much less than the partial pressure 
necessary for condensation at that temperature, even though these 
condensable species may contain nearly all the carbon nuclei 
present, as at the higher temperatures considered. The condens- 
able species never have a collective pasrtial pressure that is greater 
than about one atmosphere, and we conclude on the basis of the 
available literature data H 4 * ^), that no liquid carbon can exist 
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in the mixtures considered (the triple point of carbon being at 4225 K 
and 103 atmospheres Thus we state rather confidently that no 
condensed carbon, either graphite or liquid, exists in the carbon- 
hydrogen mixtures considered. 

We find from the computer calculations (Appendix C) that 
the compositions of the mixtures are not greatly sensitive to the 
total gas pressure for the pressures considered, and that for each 
of the temperatures considered the mole fractions of most of the 
carbon- containing species scales approximately with carbon- 
hydrogen mass ratio, while the pure hydrogen species (e. g. , H 
and H2) have mole fractions at each temperature that are largely 
independent of the C/H mass ratio and total gas pressure. This we 
would expect for the low C/H mass ratios and pressure range considered. 
The compositions change rather markedly with temperature, however 
(Fig. 1 ). The mixtures considered are largely H2 and CH^ at the 
lowest temperatures, and C, H, H2> H - * - , and free electrons at the 
highest temperatures. At the intermediate temperatures, the 
species CH, CH2, CH3, C2H, anc * ^ 2^2 a ^- so become important 
constituents.- The mole fraction of free electrons in the mixtures 
considered is never much greater than 10~^, on account of the 
high ionization -energies of all important species and the relatively 
high gas pressures considered, and is nearly independent of the 
C/H mass ratio. 

The composition data for the species C, H, H2, CH, CH'*', 

GH2, CH3, G2H, C2H4, C3, C^H^ •” benzene, e , C — , 

and H“, are input to the OPSAB computer program, which calcu- 
lates the optical constants of the mixtures. From the data of 
Appendix C (and from Fig. 1 ), we see that we have, included all of 
the major species in the calculations of the optical constants,' and 
also one species (C^H^ - benzene)' which has a very small mole 
fraction for all of the mixtures considered. 

Based on the results of our composition calculations, we 
conclude that since all of the very complex species considered 
have small mole fractions for all of the conditions considered, 
that we probably make little error in having neglected some of 
the other complex species that might have been considered in our 
composition calculations. We believe that all species that might 
have mole fractions of 10“ 6 Q r more under any of the conditions 
considered have been included in our composition calculations. 
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Also, we believe that we had correctly selected the species to be 
considered in the calculations of the optical constants, excepting 
for a very few species (e.g. , C2H3) which were not so selected 
due to lack of the necessary quantitative spectroscopic data, and 
excepting C^H^, which proved to have a very small mole fraction 
in all the mixtures considered, and could have been neglected in 
the calculations of the optical constants. The species to be con- 
sidered in the calculations of the optical constants were originally 
selected in advance of the performance of the composition calcula- 
tions, and it was not felt necessary to change this original selection 
on the basis of the composition calculations. This will be discussed 
further in the section on the calculations of the optical constants, 
but we note here that we feel only that the results for the optical 
constants show that certain species could have been safely neglected 
in their calculation. 

Uncertainties in the Composition Calculations 

There are some errors inherent in the calculations of the species 
composition, partly due to uncertainties in the ideal gas thermochemi- 
cal functions and heats of formation of the more complex species. 

Also, some of the more complex species can exist in several iso- 
meric forms, which have somewhat different thermochemical 
functions and heats of formation, and this has not been precisely 
taken into account here (cf. above. ) Uncertainties here can also 
be caused by omission of important species from the calculations, 
but in addition, for the conditions of interest, we may have pressure 
dissociation effects, pressure ionization effects, ionization potential 
lowering by Coulomb interactions, non-ideal gas equation- of- state 
effects, and collective influences on the basic thermochemical 
properties of the system. 


We believe that uncertainties in the ideal gas thermochemical func- 
tions and heats of formation give ris.e to little error in our composition 
calculations, since these are probably reasonably accurate for the 
lighter species (except possibly for which always has a 

small mole fraction, however); the -more complex species have 
small mole fractions for all of the conditions considered, and thus 
any reasonable errors in their thermochemical functions or heats 
of formation, including those due to "averaging" over isomers with 
the same chemical formula, should have a rather small effect on 
the computed mole fractions of the major components of the mixtures 
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considered, and therefore a small effect on the computed optical 
cons tants . 

We have already shown why we are confident that no condensed 
carbon, either graphite or liquid, exists in the mixtures considered. 
We have also commented above that we felt that all important species 
had been considered in the composition calculations. Consideration 
of the further sources of uncertainties in the composition calculations 
that are mentioned above is more difficult, but we take up these 
questions here so far as we are able. 

Pressure dissociation effects in molecular hydrogen gas 
have been considered by Yardya^^). His approximate analysis 
does, not apply perfectly to the carbon-hydrogen mixtures considered 
here, but we can obtain from his work an estimate of the magnitude 
of such effects for these cases. These we find to be small for the 
temperatures and pressures considered here. For a mixture of H 
and Hg at a total gas pressure of order 1000 atmospheres and gas 
temperatures of order 6000° - 10,000°K, pressure dissociation 
alters the mole fraction (and therefore number density) of H£ by 
no more than about 5.%. For hydrogen gas, pressure dissociation 
becomes greatly important only at much higher total gas pressures 
than those considered here, according to the predictions of Vardya^^. 
We assume that this is also true for the carbon-hydrogen mixtures 
considered here, although this effect could be quite different in 
these cases. Pressure ionization should not be of importance here, 
since it can occur effectively only when the mean separation of 
atoms and molecules is much less than that of the solid or liquid 
material, or, equivalently, when the mass density of the gas is 
greater than that of the solid or liquid material. The greatest mass 
density of the gas mixtures considered here is approximately 0.01 
gm-cm' 3 , which is less than the densities of either liquid or 
solid hydrogen (0. 07 and 0. 076 gm-cm~ 3 , respectively ( 18 ), or of 
liquid or solid carbon (about 2 to 3 gm-cm" 3 , depending upon the 
condensed form^®)). We conclude that the density regime of > 
pressure ionization is not approached in the mixtures we have con- 
sidered, and that this phenomenon is safely neglected here. 

The effect of Coulomb interactions among charged particles 
in the carbon r hydrogen mixtures considered is to effectively decrease 
the ionization potentials of all species present, thus increasing the 
degrees of ionization of the mixtures. For the mixtures considered 
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here, the Debye screening lengths, d, found from 


2 kT 

d 2 

4ir e N. 


(3) 


with k the Boltzman constant, e the electronic charge, T the tempera- 


ture (°K), and Nj_ the ionic number density, are of the same order of 
magnitude as the mean atomic (molecular) separations, i.e., about 
10-7 cm. This means that Coulomb- interaction effects should be of 
such magnitude that they could alter, but probably only slightly, the 
calculated gas mixture composition from the case where Coulomb 
effects are ignored. We find this to be a slight effect here, 
for comparing our composition results with those of Patch^-9) for 
pure hydrogen, which includes the effects of Coulomb interactions, 
we find that our results for the concentrations of H + , H", H^, H 3 , 
and e“ agree with his to within a few percent for all cases where 
we have both considered the same temperatures and total gas pres- 
sures. The small differences found maybe due entirely to the 
presence of carbon in our gas mixtures, rather than to Coulomb- 
interaction effects, and we believe that Coulomb interactions affect 
the compositions of the gas mixtures considered here at most very 
slightly for this reason. A slight lowering of the' ionization potentials 
of the species generally can affect the degree of ionization markedly, 
but the optical constants of the mixture should be affected only 
slightly by a small reduction here. 


Let us compare the approximate Coulomb interaction energy 
density to the thermal translational energy density for the gas mix- 
tures considered here. If N e and are the number densities of 
free electrons and ions, respectively, then the mean separation of 
charged particles in the gas, 2r, is approximately given by 



1 


N + N. 

e l 


(4) 


For the mixtures which we have considered, N e + Nj is never much 
greater than lO 1 ^ C m-3(or about 0.003 of the total particle density), 
so that 2r is never less than about 10 -6 cm. The Coulomb inter- 
action energy per charged particle, for singly- charged particles, 
is then not greater than e 2 /2r ~ 0. 1 ev, where e is the electronic 
charge, while the mean translational energy of the individual parti- 
cles is nearly 1 ev at 10, 000° K, where the quantity N e + Nj has its 
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maximum values. The Coulomb energy density in the gas mixtures 
considered here, weighted by the ionization levels found, is then 
only about 0. 0003 of the translational energy density in the worst 
cases, and need not be taken into account in the equation of state 
of these gas mixtures. The effects of the Coulomb interactions 
are to decrease the pressures and energy densities of the gas mix- 
tures (since the Coulomb forces will be predominantly attractive 
in a gas that is electrically neutral overall) compared to the values 
for these properties predicted neglecting Coulomb interactions. 

On the other hand, the lowering of ionization potentials will tend 
to increase the gas pressure and energy density through the libera- 
tion of additional free electrons. These effects can, at times, 
counterbalance one another, and we infer, from the above arguments 
and from the close agreement of our results with those of Patch(19) 
for hydrogen based on the Debye-Huckel equation of state, that the 
net effect of Coulomb interaction on our computed compositions is 
quite small. We believe for the same reason that the related 
effect of Stark-type shifting of energy levels will not effect our 
composition results more than very slightly. This effect was 
ignored by Patch(19) in his calculations for hydrogen gas under 
conditions of temperatures and pressures including those considered 
here, and he noted that the available evidence indicates that these 
shifts are small for these conditions. 

We have noted above that the maximum mass density of the 
mixtures considered is about 0.01 gm-cm"^, or about 1/7 of the 
mass density of liquid or solid hydrogen. This also implies that 
the mean separations of atoms or molecules in the gas mixtures 
considered are somewhat greater than those which can produce 
condensation. This being the case, we presume that interactions 
between neutral particles in the gas mixtures considered produce 
errors in the thermodynamic functions used (which are for inde- 
pendent, non-interacting, particles) in our composition calculations 
are probably in error by no more than 10 - 15% or so due to neutral 
particle interactions. Such errors are, in many cases, of the same 
order as the errors due to uncertainties in the spectroscopic con- 
stants and approximate models and formulae used to calculate the 
thermodynamic functions used. We expect that neutral particle 
interaction effects are not severe in the gas mixtures considered, 
and for the same reason, we presume that the ideal gas equation 
of state, which was presumed in our composition calculations, 
may be used without virial corrections. 


19 



We can consider, however, the approximate magnitude of 
the virial corrections to the equation of state for the case of pure 
molecular hydrogen under the conditions of greatest density en- 
countered here. The virial equation of state may be written^ 


P V 
RT 


1 + B* (T) P + C' (T) P 2 + D f (T) P 3 + . . . , 


(5) 


where P is the gas pressure, V its volume, T its temperature, R 
the universal gas constant, and B* (T), etc., are the first, etc. , 
virial (pressure) coefficients. For T = 1600° K, we find for 
molecular hydrogen^^^ that B T (1600)= 1. 2 X 10"^ atm ^ and 
C ? (1600) = 3. Z X 10"9 atm - ^. For P - 1000 atm, then we find 
that PV/RT *= 1. 12, so that there is about 12.% deviation from 
the ideal gas equation of state. This agrees well with the discus- 
sion of Patch^9) s an( j we assume that such effects have a small, 
but not entirely insignificant, effect on our composition calculations. 
Like Patch (•'•9) > we have ignored virial corrections to the equation 
of state in our calculations, owing to the fact that it is impossible 
to estimate the virial coefficients for all of the significant con- 
stituent species of the mixtures that we have considered. 


The virial effects on the thermodynamic functions are probably 
quite small. The deviation of the dimensionless enthalpy function 
from its ideal gas value maybe expressed as (22) 


H - H. 
T 0 

L 

„ dB T 
B T) - T ' 

RT 

V 

v dT 




V 2 


C(T)-- 


1 ^ dC(T) 


dT 


■ ( 6 ) 


where all of the quantities have been previously defined, excepting 
B(T) and C(T), which are the first and second (volume) virial co- ^ 
efficients. For Hg we find^^ for T = 1600 K that B(T) - T dB(T)/dT - 
17.8 cm^-mole" 1 and C(T) - T dC(T)/dT = 270 cm^mole' 1 . One 
mole of gas at T - 1600° K and P = 1000 atm occupies a volume of 
about 130 cm^, so that 
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The ideal gas value for at T = 1600° K is^ 22 ^ (H^, - Hq)/RT = 3.6 
mole -1 , so that the virial correction is approximately 4.%. This 
correction is probably of the same order as the errors in the ideal 
gas thermodynamic functions for due to tlie approximate models 
used in their computation, and can be safely ignored. Errors of 
this magnitude should not significantly affect our composition calcu- 
lations . 


We must point out that the errors of 15% and less arising 
from our use of the ideal gas equation of state can affect the 
calculations of the optical constants by approximately these same 
amounts, since there the ideal gas equation of state is used to calculate 
species number densities from the mole fractions computed for 
them, in the composition calculations. The errors arising 
from the several sources mentioned above may tend to cancel one 
another in some cases, but generally we can expect that maximum 
errors probably about 10. - 20% can occur in the optical constants 
from these sources. Such errors are not serious when compared 
to errors from other sources in the calculations of the optical con- 
stants, as will be discussed below in the detailed evaluation of the 
inaccuracies in the optical constants. 

Collective influences on the thermodynamic functions of the 
mixtures considered should be relatively small, as the above argu- 
ments indicate. The thermodynamic functions used here, and in 
nearly all composition calculations of the present type, are for 
particles which do not interact with one another except through 
the chemical forces which cause them to aggregate to form more 
complex species, or through the electrostatic forces which cause 
them to become ionized or de-ionized. Thermodynamic functions 
which take into account all possible other interactions should not 
yield composition results greatly different than those found here, 
since the conditions of temperature and pressure considered are 
not in the regime where collective effects are really important. 

CALCULATIONS OF OPTICAL CONSTANTS 

The Opacity and Spectral Absorption Computer Program 

The Opacity and Spectral Absorption Computer Program 
(OPSAB)^ 24 ^ was written at Heliodyne Corporation by Arthur A. 
Anderson and Roger P. Main in 1966. There has been a continual 
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improvement of this program since that time. To date this program 
has been used to compute spectral absorption coefficients and opaci- 
ties of fluorocarbon-air mixtures^^, of the thermal decomposition 
products of phenolic carbon and phenolic silica in air and argon 1 ', 
and of selected molecules that have been of interest to us in our 
experimental studies of the optical properties of high- temperature 
gases and gas-condensed phase mixtures {e. g. , BeO, MgO,and SiO). 

The OPSAB program gives local Planck mean spectral 
absorption coefficients, spectral volume emission, and several 
spectrally-integrated opacities for equilibrium gas mixtures com- 
posed of free electrons, atoms, their ions, and molecules and 
molecular ions, when the gas mixture species composition is known. 
The program is heavily concerned with electronic transitions in 
molecular species, and this fact serves to define the ranges of 
temperature, gas pressure, and spectral frequency that may be 
considered. No consideration is given in the program to radiative 
absorption by condensed matter, for which a separate analysis is 
required. The composition of the gas mixture to be considered by 
this program must be known from separate calculations. The range 
of total gas pressures of the mixtures that may be considered is 
limited at the lower end by the requirement of equilibrium and at 
the upper end by pressure effects, collective radiative effects, and 
formation of molecular complexes whose radiative properties are 
not taken into account in this program. The OPSAB program is 
limited roughly to pressures in the range 10” - 10^ atmospheres 

and temperatures in the range 1000 - 15, 000° K. The radiative 
absorption mechanisms considered in the OPSAB program are: 

a. Electronic transitions in diatomic, triatomic, 
and polyatomic molecules. 

b. Photodetachment from O-, G-, H-, and F - ions 
(only C-and H- are of interest in the present work). 

c. Free-free transitions of electrons in the fields of 
neutral and ionized species. 

d. Radiative association of hydrogen atoms by the process 

H(ls) Z S + H{1 s) 2 S b 3 r + + hv - H (a 3 £ + ) 

u 2 g 

e. Photoionization of neutral O, N, C, and H-atoms 
(only C and H atoms are of interest in the present 
work) 


22 



An essential feature of the program is its basic input data card deck 
containing all the necessary spectroscopic constants, Franck- 
Gondon factors, and oscillator strengths for electronic transitions 
in diatomic molecules, and characterization parameters for elec- 
tronic transitions in polyatomic molecules- The present deck is 
adequate for C-H-N-O-F gas mixtures for the conditions defined 
above, and for other gas mixtures for limited sets of conditions. 

For example, the program and data deck were found adequate for 
calculation of spectral absorption coefficients of the missile re- 
entry heat shield material phenolic silica mixed with air and argon 
for temperatures of 3000 - 5000° K in the wavelength range 3 000 - 
6000 A, since for this C-H-N-O-Si gas mixture, and spectral range, 
the Si-containing ’species are unimportant in absorption^). 

This program has evolved from programs used by the present 
author in earlier studies of opacities of carbon-air mixtures 
hydrocarbon- air mixtures 3), thermally decomposed missile 

heat shield materials (^), and of Martian and Venusian atmospheric 
entry radiative heat transfer (unpublished). The present program 
is not unlike those that have been used by others for calculations ■ 
of a more restricted nature (^5, 26, 27). 

The OPSAB program computes locally-averaged (Planck 
mean) spectral absorption coefficients for the processes named 
above for input conditions of temperature, pressure, and gas 
species composition (mole fractions). The lower and upper bound 
spectral frequencies and the spectral averaging interval for the 
calculations are specified in the input data, subject to the dimen- 
sional requirement that the number of spectral averaging intervals 
not exceed 36. Electronic transitions in diatomic molecules are 
treated by the "just- overlapping rotational line" model (equivalent 
to the "smeared line" model) of Patch, Shackleford, and Penner^); 
electronic transitions in triatomic and polyatomic molecules are 
treated by a simpler model which includes a "smearing-out" of the 
vibrational structure of the transitions (^). Photodetach'ment and photo- 
ionization absorption is computed using published cross section data, 
and the free-free absorption is computed using the Kramers classical 
formula with unit Gaunt factor. An approximate method ("effective 
Z^") is used to extend the free-free absorption calculations to 
transitions in the fields of neutral species. The H + H radiative 
association continuum absorption is computed using the model 
proposed by Erkovitch^9) ) as corrected by later works (cf. discussion 
to be given below). 
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A number of spectrally-averaged opacities listed below are 
given by fhe program, in addition to the local Planck mean absorption 
coefficients. The program also computes spectral emission intensities 
and the total emitted intensity of optically thin plane layers of gas; it 
can also modify the computed spectral absorption coefficients and 
emission intensities to take account of detailed balancing of radiative 
processes in the "optically thick" limit. The program also computes 
the opacities for several "weighting temperatures" that can be different 
from the gas temperature. Only the Planck and Rosseland mean 
absorption coefficients are required in the present work, however. 

Listing of Spectrally-Averaged Opacities 
Computed. by the OPSAB Program: 

a. Planck mean opacity (cm : 
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d. 


Reciprocal Rosseland mean-free- path (cm” 1 ) (or Rosseland mean opacity) 
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Here f. L (T) is the linear spectral absorption coefficient, (cm ), including 
the effects of induced emission, T is the gas temperature, T^.is the 
"weighting temperature" (equal to the gas temperature, plus as many 
as five other selected input values), and 
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is the Planck spectral intensity function, with CO the wave number (cm ^), 
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h the Planck constant (erg-sec), c the speed of light (cm-sec - x ), and 
k the Boltzmann constant (erg-°K ^). In the present work, T^was 
taken to be equal to the gas temperature only. 

The basic input data to the OPSAB program for a par- 
ticular case are the temperature (°K), the pressure (atm) , 
the spectral range and mixture composition to be considered 
(the mole fractions of the pertinent species), and the spectro- 
scopic and intensity data for the molecular band systems to 
be considered. In the present work, the temperatures and pres- 
sures are those defined above for the composition calculations, and 
the spectral range is defined in terms of a dimensionless frequency, 
u, given by u = hco>/5000k, with the calculations of the optical con- 
stants above for the range limited by u = 2. 00 to 19. 50, with spectral 
averaging intervals of width Au = 0. 50, a total of 35 intervals. We 
have added an extra interval u = 19. 50 - 20. 00, to make use of the 
maximum possible number of 36 averaging intervals, since this 
improves the accuracy of our calculations for the band systems 
of diatomic molecules at the highest frequencies. The correspon-, 
dence of these intervals to wave number intervals (cm - ^) is given 
in Appendix D. 

In each spectral averaging interval so defined, the OPSAB 
program computes the local Planck mean absorption coefficients 
(cm - -*') for the various molecular band systems and absorption 
processes considered. These are incorporated into sub-total 
absorption coefficients for the various types of processes, and 
then these are further incorporated into total local Planck mean 
absorption coefficients for the case considered; this is used to 
compute the Planck and Rosseland mean opacities and the other 
quantities defined above. 

The OPSAB program computes the necessary species number 
densities, N(X) (cm - ^), for the absorption processes from the input 
mole fractions, C(X), from the relation 

22 

N(X) = C(X) (0. 73397 X 10 ) (P/T), (7) 

where P is the total gas pressure (atm. ) and T is the gas tempera- 
ture (°K). These number densities are used to compute the number 
densities of the molecular species in the absorbing states of the 
electronic transitions considered via the Boltzmann relation, using 
the electronic partition functions of the molecules, given as input 
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to the OPSAB program. The mole fractions used are those calcu- 
lated by the HUG composition program described above. 

Absorption Mechanisms Considered 

The absorption mechanisms considered in the OPSAB com- 
puter program calculations of the optical constants for the carbon- 
hydrogen mixtures of the present work has been limited to those 
incorporated into this computer program as of the commencement 
of the present work (listed above. ) (p. 22). No effort was made to 
revise this computer program to include additional absorption 
mechanisms that might have some importance for the conditions 
considered; the only real significance of this is the exclusion of 
the Hg pressure-induced infrared absorption, to be discussed below. 

Within this limitation, we have a choice of the electronic 
band systems of diatomic molecules and of triatomic and polyatomic 
molecules to be considered in the calculations with the OPSAB com- 
puter program. This choice was made in advance of the completion 
of the composition calculations, with the result that a few of the 
band systems selected proved to be unimportant for the optical con- 
stants. It is believed that all important band systems for which 
adequate quantitative spectroscopic data exist have been included 
in the present calculations; some molecular band systems, e. g. , 
those of CgH, have been included with estimated quantitative spectro- 
scopic data used in lieu of the non-existent laboratory data, on 
account of their expected importance for the optical constants. 

Many oscillator strengths of electronic transitions in molecules 
have been estimated or chosen on the basis of questionable experi- 
ments or theoretical calculations, but this is necessary in studies 
of the present type. We give below listings of the molecular 
electronic transitions considered in the present work. Table 2 
lists the considered transitions in diatomic molecules; Table 3 
lists those for triatomic and polyatomic molecules. 

The transitions in diatomic molecules are considered in 
the OPSAB computer program according to the "just- overlapping 
rotational line" model (^8) that is widely used, with an analytic 
integration scheme, developed by the present author, which 
yields exactly the local Planck mean absorption coefficients, includ- 
int the induced emission correction, for each spectral averaging 
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interval specified in the input data. This process will not be described 
here, since it is given in detail elsewhere'^). The necessary input 
data for these calculations are the vibrational and rotational constants 
of the electronic states involved in the transition, the mole fraction of 
the molecule involved (all electronic states), the electronic partition 
function of the molecule, the Franck- Condon factors of all the bands 
to be considered, and the oscillator strength of the electronic transi- 
tion. Table 2 gives the necessary input data, or the references from 
which they were taken, for the 16 transitions in the diatomic molecules 
Hg, CH, CH^, and Cg, that have been considered in the present work. 

The latest and/or most accurate data have been used in all cases; 
this input data was specially prepared for the present work, or was 
revised from earlier data used by the present author. For further 
details of the calculations for diatomic molecules, the reader is 
referred to Ref. 1, which gives a discussion of their application in 
studies of the present type, and to Refs. 28 and 24, which give the 
details of them. 

Electronic transitions in triatomic and polyatomic molecules 
are considered on a simplified model which incorporates an "averaging" 
over their rotational and vibrational structure, assuming one- dimensional 
simply-harmonic linear oscillations of the nuclei^, 24). The spectral 
absorption cross section evaluated at the CO, the mid-points of the 
spectral averaging intervals chosen, cr (to, T) (cm^), including the 
induced emission correction, for a molecular electronic transition 
according to the model employed is given by 

ft 

<7 { CO, T) = TT 1/2 r Q f [ l-(expX-hc co/kT) ] (Aa> T f 

2 2 

• exp -(co-£O q ) /(Ato^,) 

where r Q is the classical electron radius (cm), f is the oscillator 
strength of the transition, t0 o is the wave number of the transition 
absorption maximum (cm - l), and 

X / 2 

Ato T = AtO jtanh (8 o /2T)j . (9) 

Here At0 o is the 1/e half-width of the spectral absorption cross 
section function at temperature T = 0° K, Ato-p is this width at 
temperature T(°K), and 0 O = hctOg/k, with COg the active frequency 
(cm“i) of the lower (absorbing) electronic state. The OPSAB 
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program evaluates the function of Eq. (8) and multiplies these by 
the number density of the absorbing state of the species, which is 
found from the species mole fraction and the energies and statistical 
weights of the electronic states of the species in the usual fashion. 

The resulting "spectrally averaged" absorption coefficients for the 
averaging intervals chosen are not exactly the local Planck mean 
values, but are negligibly different from them for averaging intervals 
of width less than a few thousand wave numbers. 

This simplified approach permits simultaneous consideration 
of a large number (up to 50) of electronic transitions in triatomic 
and polyatomic molecules for each case considered by the OPSAB 
program. This model represents a "trade-off" of accurate treat- 
ment of the spectral absorption characteristics of. the individual 
transitions, which would be an extremely complicated task, for the 
possibility of simultaneous treatment of a large number of such 
transitions, a feat that would be practically impossible using a 
more accurate model for the spectral absorption of the band systems, 
but which is usually always necessary for complex gas mixtures, 
such as those considered here. 

The value of (Eq. (8))is frequently readily chosen as 
the band system origin, a quantity found in the literature for 
most transitions of interest. Where large changes in molecular 
structure accompany the electronic transition, however, the value 
of may be significantly different from the origin wave number, 
and in these cases 00 o must be estimated, preferably with the aid 
of experimental studies of spectral absorption coefficients of the 
transition at relatively high gas pressures. The value for At0 o 
must generally be estimated, taking into account what experimental 
absorption data is available plus the geometries of the electronic 
states involved in the transitions. The value for COg 1 is generally 
chosen to be that of the (most) active vibrational mode, usually 
known from experiment. The oscillator strengths, f, for electronic 
transitions in triatomic and polyatomic molecules are generally not 
well known, and many of these must be estimated or extracted from 
rather imperfect or qualitative studies reported in the literature. 

The state of our knowledge of the quantitative details of 
electronic spectra of triatomic and polyatomic molecules partly 
justifies the rather simple treatment that is given them in the 
OPSAB program. Many estimates of the necessary model parameters 
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TABLE 2. DIATOMIC MOLECULAR BAND SYSTEMS CONSIDERED 


Print- Out 
Acronym 


1. 

1 + 1 + 

H (B S + - X S + ) 

2 u g 

(Lyman) 

H (B 1 1 S + - X L S) + ) 
2 u g 

H2LYMN 

2. 

H2BP-X 

3. 

H 2 (C1|T U - xlS g> 
(Werner) 

H2WERN 

4. 

H (D 1 !! - X 1 £ + ) 

2 u g 

H2 D-X 

5. 

H (D 1 ’TT - X l Z + ) 
2 u g 

H2DP-X 

6. 

CH (A 2 A. - x 2 ir ) 
' i r 

CH A-X 

7. 

CH (B 2 L~ - X 2 TT ) 

CH B-X 

8. 

ch (c 2 s 4 ' - x 2 tt ) 

r 

CH C-X 

9. 

CH + (A 1 !! - X 1 L + ) 

CH + A-X 


10. C (A 3 TT - X’ 3 TT ) C2SWAN 

2 g u 

(Swan) 

11. C (A' 3 If - X ,3 T T ) C2 B-R 

2 g u 

(Ballik-Ramsay) 

12. C (bV - X^*) C2PLPS 

2 u g 

(Phillips) 

3 3 

13. C_ (B TT - X 1 TT ) C2 F-H 

2 g u 

(Fox-Herzberg) 

14. C„ (d X E + - X^ + ) C2MLK 

2 u g 

(Mulliken) 

15. C, (e 1 S + - b% ) C2FYK 

2 g u 

(Freymark) 

16. C 0 (clTT - bllT ) C2 D-A 

2 g u 

(De s landr e s - d ' A zambu ja ) 


Absorption 
f- value used 

Extent of Frank 
Condon factor 
array used 

0.30 

V" = 0-14 
V = 0-20 

0. 055 

v» = 0-14 
V = 0-9 

0. 35 

v" = 0-14 
v' = 0-14 

0.084 

v" = 0-14 
v’ = 0-10 

0. 030 

v" = 0-20 
v' = 0-10 

0. 005 

v" = 0-7 

v 1 = 0-6 

0. 002 

v' 11 = 0-7 
v 1 = 0-6 

0. 003 

v" = 0-7 
v ' - 0-6 

0. 004 

v n = 0-10 
• v 1 = 0-19 

0. 027 

v" = 0-10 
V = 0-13 

0. 0066 

v" = 0-10 
v 1 = 0-16 

t( 0. 0165 

v" = 0-10 
v ' = 0-9 

0. 010 

v” = 0-8 
v 1 = 0-8 

0. 055 

v" = 0-8 
v 1 = 0-8 

0. 010 

v " = 0-8 
v 1 = 0-5 

0. 010 

v " = 0-8 
v 1 = 0-6 


Note: The f-values used are based on experimental and theoretical studies 

analyzed in Ref. 37 and a yet unpublished revision to that work. 
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TABLE 3. TRIATOMIC AND POLYATOMIC MOLECULAR TRANSITIONS CONSIDERED 



Print- Out 

Absorption 

00 o -value 

OT -value 

G 1 

used (cm ■*•) 

£ lt) Q - value 

DESIGNATION 

Acronym 

f-value used 

used (cm - *■) 

used (cm - *) 

CH 2 (b 1 B 1 - a' 1 A 1 ) 
CH 2 (c 1 A 1 - a^) 

CH2 1 

0. 001 (est. ) 

7100 

3000 

6000 

CH2 2 

0.01 (est. ) 

27000 

3000 

4000 

ch 3 (b 2 a^- x 2 a”) 

CH3 B 

0.01 (est.-) 

■ 46333 

3300 

2000 

CH (C 2 E n - X 2 AL') 

2 2 ^ 

CH3 C 

0. 1 (est. ) 

66536 

3300 

2000 

CH <D a; - X A") 

^ + ~2 ^ 
C H (A S - X' IT) 

CH3 D 
C2H A 

0, 1 (est. ) 
0. 01 (est. ) 

66799 

12000 

3300 

3300 

2000 

2000 

2 ~2 ~2_. 
C H (B A' - X IT) 

C2H B 

0.01 (est. ■) 

55000 

3300 

6000 

C H (C IT - X TO 

C2H C 

0. 1 (est. ) 

65000 

3300 

4000 

^ o 2 

C H (D A" - X TT •) 

C2H D 

0. 001 (est. ) 

65000 

3300 

7000 

~2 ~2 4 - 

C H (B A' - A s ) 

C2H I 

’ 0. 0001 (est. ) 

43000 . 

3000 . 

4000 

2 ~2 ~2 + 
c 2 h (c rr - as) 

C2H 2 

0.001 (est. ) 

53000 

3000 

3000 

C 2 H (D 2 A u - a 2 s + ) 

C2H 3 

0.01 (est. ) 

53000 

3000 

4000 

C 2 H (e 2 s + - A 2 L + ) 

C2H 4 

0. 1 (est. ) 

63000 

3000 

5000 

1 1 4" 

C H (A A - X S J 

2 2 u 1 jg 

c 2 h 2 (B(?) - x 1 ^^) 

C 2 H 2 (C(V-XV) 

C 2 H 4 ( ^ B lu-f V 
c 2 h 4 (B(?) - X A ) 

C2H2 A 

0.0001 

42198 

3300 

2000 

C2H2 B 
C2H2 C 

0. 005 
0. 005 

59000 

65814 

3300 

3300 

2000 

1000 

C2H4 A 

0.3 

61500 

1600 

2500 

C2H4 B 

0.04 

57336 

1600 

120 

C 2 H 4 (C(? ) - x 1 a e ) 

C2H4C 

0.03 

66607 

1600 

120 



w 

IN) 


Table 3. Triatomic and Polyatomic Molecular Transitions Considered (cont'd) 


Print- Out 

DESIGNATION Acronym 

4 ’ 

C 3 (A ir u - X S ) C3 A 

C 6 H 6 (XlB 2u ' ^Ig 1 G6H6 A 
(benzene) 

C,H, (B (?) - X X A n ) C6H6 B 
b b lg 

(benzene) 

C,H. (cV - ^A, ) C6H6 C 
6 6 lu lg 

(benzene*) 


Abs orption 
f-value used 

(a) -value 
used (cm - 1 ) 

CO - value 
used (cm' 1 ) 

A co_-value 
used (cm - 1 

0. 13 

24676 

1200 

1000 

0. 002 

38086 

995 

3000 

0. 10 

49100 

995 

2500 

0. 8 

55000 

995 

2000 


Note: The absorption f-values marked "(est. )" have been estimated, since experimental 

data are lacking. The remaining f-values have been taken from Ref. 37, and from 
a yet unpublished revision to that work. 



(Eq. ( 8 )) have been necessary in order to include these spectra in 
our work, but this is necessary on account of their importance. 

We give in Table 3 the values of the necessary parameters used in 
the present work for the 23 transitions in the molecules GH^, CH^, 
C 2 H, C 2 H 2 , C 2 H 4 , C 3 , and C^H^, which have been considered. 

The photodetachment absorption processes are considered in 
the OPSAB program using published cross section data for 

C-, O-, H-, and F- ions and the mole fractions of these ions. 

These mole fractions may be input to the program, as in the present 
work, or can be calculated by the program via the Saha equation 
from the mole fractions of free electrons and of the neutral species. 
The cross section data compiled into the OPSAB program are tabular 
data, taken from the curves given in Refs. 30 and 31; the OPSAB 
program interpolates in these tabular data to obtain the values of 
the cross sections at the mid-points of the spectral averaging 
intervals chosen. No excited states of the negative ions are con- 
sidered in the calculation of their ground state number densities 
from the species mole fractions, but the cross section data used 
include transitions terminating in excited states of the neutral atoms. 
The interpolation procedure used does not yield exactly the local 
Planck mean absorption coefficients for the spectral averaging 
intervals chosen, but there is little error from this fact in the 
.present work, which includes calculations only for the C- and H- 
ions, of course, These calculations are described fully in Ref. 24, 
and they include the induced emission correction. 

The free-free absorption processes are considered in the 
OPSAB program using Kramers' classical formula with unit Gaunt 
factor(24). An effective charge factor, Z^ f £ , specifies the inter- 
action strengths for free-free transitions in the fields of singly- 
ionized (either positively or negatively so) species, taken collec- 
tively, or in the fields of neutral species, taken collectively. In 
the former case we use Z^££ = 1 , and in the latter case we use 
zfff = 02 , a reasonable average value founded upon the most 

recent studies of the AVCO-Everett Research Laboratory groups 
Kramers' formula is evaluated at the mid-points of the spectral 
averaging intervals chosen, using the mole fractions for the 
(collective) singly-ionic species and for the (collective) neutral 
species, which are input to the OPSAB program. This yields the 
values of the spectral absorption coefficients (cm“l) for these two 
processes at the interval mid-points, which should be negligibly 
different from the local Planck mean values for the present work; 
the calculated values include the induced emission correction. 
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These calculations are fully described in Ref. 24, where the reader 
is referred for further details. We remark here that many workers 
neglect the neutral species free-free processes, whereas for con- 
ditions approximating those considered here they are roughly of 
the same importance as the singly-ionic species free-free processes, 
which are nearly always considered by other workers for such conditions. 

The radiative association process for hydrogen atoms defined 
above (p. 22) has been known for many years, and recent reviews of 
work on this process have been given by the present author(^) and 
by Doyle^ 33 ). It is not of great importance here, but has been in- 
cluded for the sake of completeness. This process is considered 
in the OPSAB program using the model formulated by Erkovitch' °), 
but with effective collision diameters. d Q , for this process indicated 
by the later studies of Soshnikov ' ' and of Solomon( 33 ). We have 

not taken account in the OPSAB calculations the corrections to the ( 36 ) 
works of Erkovitch and of Solomon that have been developed by Zwaan 
and by Doyle^ 33 ^, since these do not greatly alter the low degree of 
importance of this process in the present work. The scheme of the ^ 
OPSAB calculations is given in Refs. 2 and 24, but we note here that 
we simply evaluate the Erkovitch formula (adding to it the induced 
emission correction) for the spectral absorption coefficient (cm" 1 ) 
due to this process, incorporating the corrected devalues and the 
H-atom number density found from the H-atom mole fractions given 
by the HUG program composition calculations, at the mid-points of 
the spectral averaging intervals chosen. These differ little from 
the local Planck mean values for the present application. The values 
of d Q used in the present work are given below for reference. 

Values of Effective Collision Diameters Used to Calculate 
Absorption Due to the Hydrogen Radiative Association Continuum 

O 

Temperature (° K) (A), based on Ref. 35 


1600 

2. 72 

2200 

2. 51 

3000 

2. 33 

4000 

2. 17 

5000 

2. 05 

6500 

1. 92 

8000 

1. 82 

10, 000 

1. 72 


34 



Analogous radiative association processes should not be im- 
portant for the other molecules present in the mixtures considered, 
and, in fact, nothing is known of these if they exist(37). However, 
photodissociation processes from the ground states of some of the 
molecules present have been studied in the literature, and their 
importance will be discussed below when the accuracy of the cal- 
culations of the optical constants is assessed. 

The calculations of photoionization absorption for neutral C- 
and H-atoms are described in some detail in Appendix E. We note 
here only that these calculations use photoionization cross sections 
from the literature interpolated at the mid-points of the spectral 
averaging- intervals chosen and the number densities of neutral C- 
and H-atoms found from their mole fractions given by the HUG 
composition program, and that these calculations alone do not in- 
clude the induced emission correction to the computed spectral 
absorption coefficients,' due to an oversight which occurred in the 
preparation of the OPSAB program sub- routine which performs the 
computations for these processes. This oversight was noticed only 
after the present work had been completed, but gives negligible 
error here. 

The OPSAB program sums over these processes to find the 
spectral absorption coefficient of the gas mixture. This result is 
used to calculate the opacities and radiative emission parameters 
described herein (pp. 24-25, and Appendix D). For further details 
of the quantities computed, the reader is referred to Ref. 24. A 
discussion of the effect of this choice of optical absorption processes 
on the accuracy of our results for the optical constants is given in 
the section following the discussion of the results. 

Discussion of Results 

The major results of the calculations of the optical constants 
for the carbon-hydrogen mixtures considered are given in Appendix D 
to this report; the complete results of these calculations, -which in- 
clude the contributions to the local Planck mean absorption coefficients 
of each of the molecular band systems and absorption processes con- 
sidered, has not been given here due to their great length (c. 800 pages) 

We give in Figs. 2a - 2f hand-plots of the Planck and Rosseland 
mean opacities (defined on pp. 24 - 25 of this report) vs. gas tempera- 
ture for the three pressures and C/H mass ratios considered. These - 
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show the marked variation of these quantities with the gas tempera- 
ture, and the quite large values (~ 5. cm ) which they achieve at 
the highest temperatures and pressures considered. These quantities 
vary approximately in proportion to the gas pressure and C/H mass 
ratio, except at the lower temperatures where the higher pressures 
produce lower optical absorption than do the lower pressures, due 
to the decline in number density of the strongly-absorbing free 
radicals relative to the more stable species at the higher pressures. 

In Fig. 3 we give a plot of the local Planck mean (spectral) 
absorption coefficients vs. wavenumber and dimensionless frequency, 
u, for a gas pressure of 500 atm, , C/H mass ratio of 0. 01, and gas 
temperatures of 1600, 3000, 6500, and 10, 000°K. Our results are 
similar for the remaining gas pressures and C/H mass ratios. 

These results show the very large changes occurring in the local 
Planck mean absorption coefficient with temperature for wavenumbers 
less than about 40, 000 cm- 1 , and the less drastic, but quite significant, 
such changes which take place for wave numbers greater than about 
40, 000 cm"- 1 . The strong fluctuations which occur in the local Planck 
mean absorption coefficient with wave-number for the lower tempera- 
tures considered are due largely to the contributions of electronic 
transitions in the molecules C 2 H, CH 3 , and C 2 H 4 . At the highest 
gas temperatures considered, the major absorption mechanisms are 
the free-free processes for neutral species, H r photodetachment, 
and the H 2 Lyman transition. The H 2 Lyman transition is important 
at the large wavenumber end of the spectral range considered for all 
of the conditions considered, except for the lowest gas temperatures, 
an important fact to note. 

We must point out that our calculations have been done for 
fixed values of the gas pressure, so that for each fixed pressure 
there is a decline as 1/T in total particle number density in the gas 
mixtures with increasing gas temperature, T. Thus, for T = 10,000°K 
this particle density is only about 1/6 of that at T = 1600° K for the 
same gas pressure. We readily see from Figs. 2a - 2f and from 
Fig. 3, that the cross sections for the important absorbing processes 
behave so as to more than counterbalance this effect. The large in- 
creases in optical absorption with increasing gas temperature are 
due, in a rough sense, to the increases with temperature of the cross 
sections for the important absorbing processes, and to the appearance 
of new important absorption processes with large cross sections, 
e. g. , the H~ photodetachment and free-free processes, at the higher 
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gas temperatures, where free electron densities become large. 

Note that large local Planck mean absorption coefficients 
at all wave numbers are found only at the highest gas temperatures 
considered (Fig. 3 , this holds true for the remaining gas pressures 
and C/H mass ratios considered). This is of importance when the 
energy source whose radiation is to be absorbed by the gas mixture 
envisioned has a very broad, and nearly uniform, spectrum. Also 
note (Fig. 3 , and true for the remaining gas pressures and C/H 
mass ratios considered) that it is nearly true that at each wave 
number the local Planck mean absorption coefficient increases 
monotonically with the gas temperature; this is another significant 
fact. The behavior of the local Planck mean absorption coefficient 
with gas pressure and C/H mass ratio is approximately what one 
would expect - it increases approximately in proportion to them, 
except for the decline in the absorption due to the important free 
radical species, e.g., CgH , with increasing gas pressure at the 
lower gas temperatures considered. 

The most significant results of our calculations of the optical 
constants of the carbon-hydrogen mixtures are their rapid, approxi- 
mately monotonic, increases with increasing gas temperature to 
values that are quite large, and their unexpected decrease with 
increasing gas pressures at the lower gas temperatures. The most 
important absorption mechanisms are the molecular electronic tran- 
sitions at the lower gas temperatures, and H“ photodetachment, and 
the free-free processes for neutral species at the higher gas tem- 
peratures. The H2 Lyman transition is important at the large wave 
number end of the spectrum except for the lowest gas temperatures 
considered; the importance of other molecular electronic transitions 
depends somewhat more strongly on the gas temperature, but CH3, 
CgH, and C2H4 have transitions which are important, except at the 
highest gas temperatures considered. The H2 Lyman transition is, 
on the other hand, the only molecular electronic transition that is 
important at the highest gas temperatures considered; this is largely 
due to the low C/H mass ratios considered, and to the large oscil- 
lator strength of this transition. 
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Uncertainties in the Calculations of the Optical Constants 

Uncertainties in the calculations of the optical constants are 
partly due to the uncertainties in'the composition calculations, which 
have already been discussed. We have already stated that we believe 
that all molecules important for the composition calculations have 
been included in them. It remains to be seen that all molecules 
important for the calculations of the optical constants have been in- 
cluded in the composition calculations. We believe that this is large- 
ly true, however; a survey of Table 1 and Appendix C shows that all 
possible electrically neutral molecules and molecular fragments con- 
taining a sufficiently small total number of nuclei have been included 
in the composition calculations. Molecules with more than about six 
nuclei do not have significant mole fractions for the conditions 
of interest here, and we infer from this, not without some possibility 
of error, that such molecules are not important for the calculations of 
the optical constants. 

We infer also that for the spectral range considered positive 
ions are generally not important for the calculations of the optical 
constants. The molecule CH+, which was included in these calcula- 
tions, was found to be of negligible importance in them. was not 

so considered, and probably is also not important for the optical con- 
stants; however, it may possibly be so due to'the strength of its 
spec tr ally-narrow transitions (Ref. 37 and an unpublished revision 
of this work). Little is known of the spectrum of but it appears 

to be of little importance here. The molecule CH^ has been included 
in our composition calculations, but nothing is known of its optical 
spectrum. Generally speaking, in view of the low degree of ionization 
of the mixtures.- considered (Appendix D), we infer that electronic tran- 
sitions in molecular positive ions are not of notable importance for the 
present work; a possible exception here is H*, which we have ignored 
in our calculation's of the optical constants. 

Molecular negative ions seem to have, generally speaking, 
no stable excited states. For this reason, and from the low degree 
of ionization of the mixtures considered, we infer that non- detaching, 
non- dissociating, electronic transitions in molecular negative ions 
are unimportant in the present work. 'Photodetachment from mole- 
cular negative ions (probably resulting in dissociation of the molecule), 
may be of some importance, however. We have considered photode- 
tachment only from C- and H- ions, and we have calculated the mole 
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fractions for only. appears to be unstable under all conditions, 

but it could be involved in important radiative processes as an inter- 
mediary. Molecular negative ions have been conjectured to be of 
importance in radiation transport in the atmospheres of cool stars' 
and such may also be true here. So little is known of the photodetach- 
ment cross sections of molecular negative ions that we are unable to 
infer whether this may be true. Much further experimentation with 
these species is necessary before these processes can be accurately 
included in calculations of the present type. We estimate that they 
can be of somewhat greater importance than photodetachment from 
atomic negative ions for some conditions, and this means that they 
could possibly be a major factor in determining the optical constants 
of the mixtures considered here. 

Photoionization processes of molecules have not been considered 
here, and these are probably not of great importance. We have surveyed 
the known first ionization potentials of all species listed in Table 1, and 
find none which would give ground state photoionization for photons with 
energy in the spectral range we have considered. It is possible that 
photoionization from vibrationally - and/or electronically excited 
molecules is of some importance, however. Practically nothing is 
known of these processes, but it appears possible from study of our 
results for the photoionization from excited states of the G- and H- 
atoms that such processes may be of significance in determining the 
optical constants of the mixtures we have considered. Due to the 
relatively large cross sections of some photoionization processes 
(as large as 10" ^ crn^ near threshold), this seems possible. 


Photodissociation processes of molecules may also be of some 
significance. Theoretical and experimental photodissociation cross 
sections for H^, CH, CH + , and C£ have been reported in the 
literature (Ref. 37 and a yet unpublished revision of it). Photodis- 
sociation thresholds fall at about 40, 000 cm“^ for these molecules 
(and for most other molecules, as well), and the continuous absorption 
resulting from them and extending to larger wavenumbers can be im- 
portant in the sense that the sum total of these processes for all mole- 
cules existing in the mixtures we have considered may be of approxi- 
mately the same strength as, or stronger than, some of the important 
non- dissociating molecular electronic transitions. Strong photodis- 
sociation transitions have not been observed for the molecules that 
we have included in our composition calculations, but they may 
nevertheless exist. The very strong photodissociation continuum of 
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the O^- molecule shows how significant such processes may be. 

A significant omission from the present work is the pressure- 
induced infrared (vibration- rotation) absorption of H 2 - Linsky (J. L. 
Lansky, "On the Pressure-Induced Opacity of Molecular Hydrogen in 
Late- Type Stars", to be published) has given algorithms for calcula- 
tion of the spectral absorption coefficients due to this process, and 
we find from his work that for temperatures up to about 3000° K that 
at the small wavenumber end of the spectral range we have considered 
this process has spectral absorption coefficients much larger than 
those for the combined processes we have considered. For a gas 
temperature of l600°K, we find that the spectral absorption coefficient 
due to the pressure-induced transitions is about 10“ P^ (cm - ^) 
at a wavenumber of 7000 cm"*, with P the gas pressure in atmospheres. 
This gives absorption coefficients that are several orders of magnitude 
larger than those we have computed for the same wavenumber region 
(Appendix D). We may question Linsky's treatment of this problem 
and his extrapolation of experimental data to more extreme conditions; 
his alogrithms are surely only approximate, but nevertheless it seems 
clear that at the lower temperatures considered here, this process is 
more important than the total of those that we have included. We may 
reasonably require that at the lower temperatures, where the H 2 
pressure-induced absorption is important, that the optical constants 
we have computed be taken to be not less than those calculated for 
pure hydrogen with this process taken into account for the same con- 
ditions (e. g. , the work of 01fe(^^) and the work of Patch which is now 
in progress). The present results should not be applied without taking 
this into consideration. 

We may question our choice of molecular electronic transitions 
considered in the calculations of the optical constants, the oscillator 
strengths we have chosen for them (Tables E and 3), and the model we 
have used to represent their spectral absorption coefficients. We 
have included here all of the known transitions we believed to be of 
importance, and little better can be done here. We have also included 
here some transitions in the species C 2 H which are only conjectured 
to exist and have never been observed experimentally, although efforts 
have been made to do so. The errors made in assuming the spectrum 
of C 2 H as given in Table 3 can be quite significant, since this spectrum 
makes C 2 H a large contributor to the optical constants, particularly at 
the lower temperatures where the assumed transition at 12, 000 cm -1 
has strong effects. In actuality, the spectrum of C^H could be quite 
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different than we have it. We thus can say that this may lead to sig- 
nificant errors in our calculations of the optical constants, but we 
cannot quantitatively assess these errors.' 

Some of our oscillator strengths have been estimated (Tables 
2 and 3); although those for the diatomic molecules appear reasonably 
certain for most transitions, the same cannot be said for the triatomic 
and polyatomic molecules. For example, CH^ is an important contrib- 
utor to the optical , constants for a fairly wide range within the conditions 
considered, and oscillator strengths for its transitions had to be esti- 
mated by the present author. Here again it is difficult to quantitatively 
assess the errors arising from our estimations, since the true values 
may be either larger or smaller than we have estimated. We note, 
however, that our estimates may be alternately too large and too 
small, so that errors in them may tend to cancel out. Where one or 
very few molecules only are strong contributors to the absorption, 
as here, this effect may not occur, so that errors in the estimated 
oscillator strengths may have great significance (an order of magni- 
tude and more) for the optical constants. 

The models we have used to represent absorption by molecular 
electronic transitions have been chosen largely because their simplicity 
makes them suitable for calculations of the present type where many 
such transitions must be considered. To be sure, these models are 
inaccurate, and in cases where only one or a few molecules are very 
strong contributors to the computed optical constants these models 
must be examined critically. Since there is no real quantitative data 
on the high temperature absorption of the molecules considered here, 
it is nearly impossible to say with certainty how good or poor these 
models are. More accurate line-by-line calculations of molecular 
absorption, which use assumed line shapes, show that these models 
may truly represent high temperature molecular absorption to within 
a factor of 2 or 3 We are at a loss to say more than this, but 

we note that in optically thick gases even the line-by-line calculations 
are subject to errors due to the assumption of line shapes and to 
simplifications generally necessary in such involved studies. 

We note briefly here that we have neglected collective absorp- 
tion effects and atomic line absorption. Neither of these types of 
processes should be of importance here. We have noted in our dis- 
cussion of the errors in the composition calculations that our assump- 
tion of the ideal gas equation of state throughout this work can lead to 
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errors in the calculations of the optical constants of as much as about 
20. per cent in the most severe cases. Also, any error in the com- 
position calculations will be carried into the calculations of the optical 
constants. In optically thin gases the errors in the calculated optical 
constants will be proportional to the errors in the computed composi- 
tions, but in optically thick gases this dependency is reduced to an approxi- 
mate proportionality to the square root of the errors in the composition 
calculations. These errors are probably not serious here in view 
of the possibly still more serious errors in the computed optical 
constants from other sources. We note finally that we have no com- 
parison with other theoretical or experimental work on the carbon- 
hydrogen mixtures we have considered. This places us at a disad- 
vantage in assessing the accuracy of our work. 

To summarize our semi- quantitative error assessments, we 
can state as follows: For gas temperatures of less than about 3000° K 
our results for the optical constants are almost certainly seriously in 
error (as much as several orders of magnitude) due to our omission 
of the H 2 pressure- induced infrared absorption. At the highest gas 
temperatures considered (8000° K and 10, 000°K), our results are 
probably correct to within a factor of 2 or 3, since here the better- 
known continuous absorption processes provide much of the absorption. 

For intermediate gas temperatures, our errors probably should be 
somewhere in between these two limits. Since at these temperatures 
our most significant errors may be those of omission, our results 
may be lower limits to the true optical constants. We cannot say this 
with certainty, however, since estimated molecular absorption could 
also caus.e our results to be overly large. It is safe to say that a better 
error assessment than this should only be based on a detailed compari- 
son of our results with good quantitative experimental data for the same 
mixtures or for species contained in them at gas temperatures and pres- 
sures in the ranges we have considered. The accuracy of the present 
work must be taken into account in any engineering and design calcula- 
tions which make use of it; the present results, as presented in Appen- 
dix D to this report, must be accepted as true only with the qualifications 
mentioned in this paragraph. 
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CONCLUSIONS 


In this work we have presented calculations of the species 
compositions and optical constants of carbon-hydrogen gas mixtures 
for a wide range of conditions of gas temperature and for three dif- 
ferent gas pressures and C/H mass ratios. We have found that for 
temperatures of about 6500°K and above the spectral absorption co- 
efficients and Planck-and Ross eland mean opacities become quite 
large, attaining values of several reciprocal centimeters. For tem- 
peratures less than about 6500 K } the mentioned optical constants of 
the gas mixtures considered are small and tend to decrease toward 
lower gas temperatures, even when the neglected H£ pressure-induced 
absorption, which is important for gas temperatures of about 3000 K 
and less, is given consideration. For the highest gas temperatures 
our results are surely most accurate, probably sufficiently accurate 
for most engineering studies, and it seems that this regime will probably 
be the most interesting for engineering study. It is clear that much 
further work will be necessary to improve the accuracy of our results 
at the lower and intermediate temperatures. Much more experimental 
study in this area is desirable. From this study it is seen that certain 
mentioned simplifications could be made in further work of this type, 
but, on the other hand, the many mentioned improvements should be 
made in any further such work. We" have noted the expected accuracy 
of the results reported here and have given cautions regarding use of 
these results in engineering radiative heat transfer studies. With 
these cautions taken into account, the present results should furnish 
the’ basis for reasonably informative and reliable radiative heat trans- 
fer studies, since the major uncertainties affecting the present work 
occur only in the low temperature regime. 
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APPENDIX A 


THERMODYNAMIC FUNCTIONS OF THE CH + ION 

■f 

No thermodynamic functions for the CH ion were found 
after a search of the literature; since it was expected that this 
species could be important for the calculations of optical constants 
at the higher temperatures considered here, these were hand-cal- 
culated by the present author, as described below. 

The basic molecular data were taken from Ref. 41 , p. 519, 
and from Ref. 42 . The data actually used in these approximate hand 
calculations were: 

Mass: M = 13.01 a. u. 

Ground state: (g^ = 1; = 0.) 

Symmetry number: cr = 1 
Spectroscopic constants: C0 g = 2780 cm- 

00 x = 73 . cm 

e e -1 

B =13.3 cm 

6 -1 

OL =0.49 cm 

e 

Excited States : A TT (g^ = 2; = 24,000 cm ) 

a 3 TT (g^ = 6; = 8000 cm *) 

The expressions used for the approximate thermodynamic functions 
were (Ref. 43 , p- 24) 


H° - H° 
T 0 


= 6. 95541 + 1. 98726 


-u 


u 


1 -e 


-u 


+ 2.859349 


r 2 

y -1. 43879c. /T 

i = o e i g i e t 

2 -1. 43879c. /T 

•E v 

i = 0 


1 


A- 1 




6. 863753 log M + 11.439588 log i() T 

- 8.006779 - 4.575835 log (B/T) 

- 4. 575835 log Q (l-e' U ) 


+ 4. 575835 


r 2 


log 



-1. 43879c. /T 
g.e i 


where, T is the temperature (°K), u = (1.43879/T) (a> e -2co x^), 
B = B e - 1/2 ot , and the remaining quantities are given above. 
In this way, we obtain the following results: 


CH 


+ 


Thermodynamic Functions 


H° - H° 

h t h o ( 

f cal ' 

. ... O T Y^ i 

i '* f t " H o | 

[ C ^1 ) 

T 

V°K-moley 

f ' 

T 

V°K-mole/ 


1000 

7. 126 

41.93 

2000 

7. 831 

48. 00 

3000 

8. 812 

51. 28 

4000 

9- 592 

53. 9-5 

5000 

10. 012 

56. 14 

6000 

10. 200 

57. 98 

7000 

10. 288 

59. 51 

8000 

10. 262 

60. 94 

9000 

10. 235 

62. 12 

10, 000 

10. 195 

63. 23 


The value for AH f (T = 0° K) of CH + was found using the JANAF 
value of this quantity for CH( 43 ), 141. 183 kcal/mole, and an 
ionization potential for CH of 10. 64 ev (245. 37 kcal/mole) 43 , 
so that we find AH f (T=0°K) for CH 4 to be (141. 183 + 245.37) 
kcal/mole = 386. 55 kcal/mole (to five figures). These values 
have been used in the composition calculations of the present 
work. 
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APPENDIX B 


LISTING OF FIT COEFFICIENTS USED FOR THE 
THERMODYNAMIC FUNCTIONS OF THE SPECIES 
INCLUDED IN THE COMPOSITION CALCULATIONS. 


On the next pages are given a listing of the fit coefficients 
used for the thermodynamic functions of the 65 species included in 
the HUG computer program calculations of the compositions of the 
carbon-hydrogen mixtures considered. The sources of the neces- 
sary data and the temperature ranges for which the fit coefficients 
were optimized are given in Table 1 of the present report. 


The fit coefficients are given for each species -in the order 
(from left to right): E, -D, C, B, A, K, and-HOO, where the fits 
to the dimensionless enthalpy, (H^. - H°)/RT, and the dimensionless 
free energy, (F^ - H°)/RT, as functions of the temperature, T(°K), 
are defined by: 


H° " H n 
T 0 

RT 


o o 
F_ - H rt 
T 0 


RT 


2 3 4 

= A + BT +.CT + DT + ET 

(B-l) 

= A(1 - InT) - BT - 1/2CT 2 - 1/3DT 3 



■ 1/4ET 4 - K 

(B-.2) 

listing are 


A 

dimensionless 


B 

t—H 

1 

w 

0 


C 

°k" 2 


D 

°k" 3 


E 

°K- 4 


K 

dimensionless 



H00 is the value for the heat of formation,. AHf, at 0°K,of the 
oner-ins. in units of pal-mole" ^ 


B-l 



HIGH TEMPERATURE THERMUDYNAM I C FUNCTION FITS IN THE 


c 

2.671940QE—16 

-5. 

H 

— 4. 38 7430 OE— 16 

7. 

H2 

— 1 . 3009 90° 6— 16 

3. 

CH 

—4. 42944 nr> E— 16 

1 . 

CH2 

— 2 . 54439O0E— 1 5 

5. 

CH3 

-4.54836006-15 

9. 

CH4 

— 6 . 4944700E— 1 5 

1 . 

C 2 

3. 601550 a E -16 

-6. 

C2H 

4. 63 03 89 9E- 14 

-8. 

C2H2 

-4. 08637006-15 

8, 

C2H3 

-6.46399PPE-15 

1 . 

C2H4 

-6.42665O06-15 

1 . 

C2H6 

-1 .48996006-14 

2. 

C3 

-1.22785006-15 

2. 

C3H 

-4.525O2O06-15 

9. 

C3H2 

-6.52981006-15 

1 . 

C3H3 

— 8 . 4964299E— 1 5 

1 . 

C3H4 

-1.09294006-14 

2. 

C3H5 

-1 .36762O0E-14 

2 . 

C3H6 

— 1.7133 30 OF— 14 

3. 

C3H8 

-2.24930006-14 

4. 

C4 

— 1 .86458006—15 

4 • 

C4H 

-5.275O500E-15 

1. 

C4H2 

— 8 • 16 177 00 E— 15 

1. 

C4H3 

-1 .033720PE-14 

2 . 

C4H4 

-l .3182300E-14 

2 . 

C4H5 

— 1.754890 OE — 14 

3 . 

C4H6 

— 1 . 9568600F- 14 

3 . 

C4H8 

— 2 . 43 90 60 HE— 14 

4 . 

C4H10 

— 2 .7262100E- 14 

5 . 

C5 

-2. 51282P0E-15 

5 , 

C5H 

— 3.883129 8E-1 5 

1. 

C5H2 

-l .12892006-14 

2 . 

C5H3 

-l .26364006-14 

2 . 


9547 0 r ' n E- 1 2 4 • 76 35 099 E— 9 8 

96 °6 300E- 1 2 -5. 32608006-08 

394620OF-12 -4. 00477996-08 

0 3 191 COE— 11 . -9-.7998699E-C8 
28430C0E- 1 1 -4. 41682 99E-07 

23628C0E-11 -7.4856199E-P7 

3342600E- l n - 1 . 09861 O0E-06 
45709 POE- 1 2 3.12113O0E-C8 

3 147498E- 1 0 5.42637996-06 

31382996-11 -6.7724699E-07 

2973400E— 10 -1.03791POE-06 

38494COE-10 -1. 1951600E-H6 

968 0099E— 10 -2 . 34803006-06 

5302300E-1 1 -2. 13062 00E—07 

2923200E-11 -7.55177996-07 

31 n 4700E-10 — 1 . 051550CE— n 6 

6306600E— 10 -1. 31846006-06 

16 71000E- 10 -1.7049300E-06 

6989899E-10 -2. 1095300E-06 

38635 n 0E-10 -2 . 65 122C0E-06 

4520299E-10 -3 . 491 5900E-06 

28O8300E-11 — 3. 92701 99 E- 07 

10934COE- 1 0 -9.0964198E-07 

59765O0E-1O -1.23542O0E-06 

0340800E— 10 -1. 5837900F-06 

5 884899E- 1 0 -2.00937006-06 

4107200E-10 -2.60809006-06 

8 481 60CE- 1,0 —2 .99177 O0E-06 

8084899E— 10 -3 . 75 095P0E-O6 

2038299E-1O -3.87260 r =OE-06 

7642400E-11 -5. 2815099E-07 

81O9500E- 10 — 1 • 43 3 3 7 00 E- 06 

2057400E— 10 -1 . 70 151P0E-06 

4611 599E- 1 0 -1.8881O^0E-O6 
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ORDER E » Dt C, B-» At K» HQQ 


-1 « 3 193 800 E— 04 
1.5558000E-04 
3 • 4 892 299 E- 04 
5.1871999 E— 04 
1 .9121400E-03 
3 . 1 030 200 E— 03 
4 . 655 8599E— 0 3 
8.3541 1 99E— 05 
-1.49245Q0E-02 
2.9216600E-03 
4.2485600E-03 
5. 27087 99 E— 03 
9 . 4449099E-03 
8.5777799E-04 
3.1001500E-03 
4.348 1099E-03 
5.2 533899E— 03 
6.8148OQ0E-03 
8.3533499E-03 
1 .0 515300E— 02 
1 .387600QE-02 

1.8 183200E-03 
3 . 7016900E— 03 
4. 8 240699 E— 03 
6.2411200E— 03 

7 . 8 81 3699 E— 03 
9.9955598E-03 
1. 1748200E-02 
1. 4 79 6409 E~ 92 
1 . 4206 700 E— 02 
2 , 4 409 400 E— 03 
5 • 5 90 3 59 9 E— 03 
6 .6 230 399 E- 03 
7 . 2 744 399 E— 03 


2 . 64 1900 OE 

00 

2.3326600E 

00 

3. 1311400E 

00 

3. 1449400E 

00 

2.9051300E 

00 

2.9940100E 

00 

2.151130OE 

00 

4 1 I82510CE 

00 

2 . 1007200 E 

01 

3.-9140900E 

on 

3.4814100E 

00 

3 . 4558200E 

00 

l;4308O00E 

00 

4.9325700E 

00 

3.9647100E 

no 

k 1 5017700E 

00 

4.6580000E 

00 

4.24780996 

00 

4. 16349Q0E 

00 

2 c 530430OE 

00 

1.2914300E 

00 

6. 127100 n E 

00 

5 .8736899 E 

00 

6 . 3 752 rs Q0E 

00 

5 . 7 49 3 3 0.0 E 

00 

5.3920500E 

00 

4.71003006 

00 

3.2581 700E 

00 

2.6473400E 

00 

4 . 2 854600E 

00 

7.6483999E 

00 

5.4649900E 

00 

6.6 548400 E 

no 

7. 0991099E 

00 


3. 9943700E 

00 

4. 2258500E- 

■01 

-2. 33M80 OE 

00 

‘ 3.7079300E 

00 

4. C528000E 

00 

4. 207480QE 

00 

7.0935799E 

00 

2.9470600E- 

■ni 

-8.671Z599E 

01 

4.5479599E- 

-01 

5 • 20 15499E 

00 

3 • 541240CE 

00 

1. 4508000E 

01 

— 1. 57194Q0E- 

-01 

3.7Q58900E 

00 

6.8946899E- 

-01 

9 . 657890CE- 

-01 

1 • 9597700E 

00 

8. 0318899E 

00 

1.2032600E 

01 

1 . 8339700E 

01 

— 6 . 3440000E 

00 

-3.46659006 

00 

-8. 1913199E 

no 

— 2.915920CE 

00 

-1.14420006 

00 

1 .429640QE 

00 

8.6537499E 

00 

1 . 2909800E 

01 

5 • 6354899E 

00 

— 1 . 43 73000E 

01 

—2. 23877 n 0E 

00 

-7 0 8060900E 

00 

-8. 29808006 

00 


1 . 6957600E 05 
5 . 163 1000E 04 

0 . 

1.41183006 05 
9.5180000E 04 
3. 2805000E 04 

-1.599 1000E 04 
1.9VOOOOOE 05 
1.1 330000E 05 
5. 4325QOQE 04 
6.6900000E 04 
1.4580000E 04 

— 1.65 17000E 04 
1.8810400E 05 
1* 2710000E C5 
1.0670000E 05 
7.730OQ0OE 04 
4.'6860nQ0E 04 
3.4900000E C4 
8.4679999E 03 

— 1 • 9482000E 04 
2.4050000E C5 
1.540C900E C5 
1 . 1 1 30000E 05 
1 . 0250000E 05 
7.530 r 000E 04 
6 • 745 n 000E 04 
3.81 5000GE 04 
2.9100000E 03 

-2.448C90CE 04 
2.4029800E 05 
1.8540000E 05 
1 .650 n 000E 05 
1.356O00OE rs 
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C5H4 
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3. 29535 99 E— 10 

-2.484170OE-06 
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4.6776399E— 16. 

6. n 982899E-l 1 
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ClOH 
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-1.99081006-14 
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-2. 8867700E— 06 

6- 
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4. 2681800E-1 o 

C + 
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c- 
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-4.45420996-16 
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H- 
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1.24602006-15 
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H3 + 
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01 
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APPENDIX 


EQUILIBRIUM COMPOSITIONS OF THE 

The following pages give the equilibrium compositions, 
carbon/hydrogen mass ratios of 0.005, 0.01, and 0.05, gas 
of 1600, 2200, 3000, 4000, 5000, 6500, 8000, and 10, 000°K. 
atures are as printed. In none of. these cases was condensed 
indicates this fact for each set of conditions considered). 

Note- that the results are spread across facing pages, 
in the calculations, and a vertical listing of these would have to 
below each printed value of "TEMPERATURE" (°K) and "PRES- 
considered; these are arranged in s even vertical columns accord- 


c 

H 

H 2 

CH 

C 2 

C 2 H 

C 2 H 2 

C 2 H 3 

C 3 H 

C 3 H 2 

c 3 h 3 

CjH 4 

C 4 

C 4 H 

C 4 H 2 

C 4 H 3 

C 4 H 8 

C 4 H 10 

C 5 

C 5 H 

C 5 H 6 

C 6 

C/H 

6 

C 6 H 2 

C 7 

C 7 H 

C 7 H Z 

C 8 

C 9 H 

C 9 H 2 

C 10 

c io H 

c" 

H + 

h" 

4* 

H 2 


Thus, - the species whose mole fraction is printed in the fourth 
of 5000 C I< and less for each pressure and C/H mass ratio 
10"°. It was not possible with the computer program used to 
and the ionized species for these cases; thus, for temperatures 
species are printed. Mole fractions for only 54 species are 
point rotation; the often repeated value 1.8048514 X 10“35 
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CARBON-HYDROGEN MIXTURES 


in terms of mole fractions, for carbon-hydrogen .mixtures with 
pressures of 100, 500, and 1000 atmospheres, and gas temperatures 
The carbon- hydrogen mass ratios, gas pressures, and gas temper- 
carbon (graphitej calculated to be present {"MOLES OF SOLID = 0. 11 
The arrangement of the 72 cases will be obvious upon inspection. 

This is- owing to the fact that 64 gas-phase species were included 
have been continued over three pages. The mole fractions printed 
SURE" (atm. )' are the mole fractions of the 64 gas-phase species 
ing to the following plan: 


CH 2 

CH 3 

CH„ 

4 

C 2 H 4 

C 2 H 6 

C 3 

C 3 H 5 

C 3 H 6 

C 3 H 8 

C 4 H 4 

c 4 h 5 

C 4 H 6 

C 5 H 2 

C 5 H 3 

C 5 H 4 

C 6 H 3 

C 6 H 4 

C 6 H 6 

°S H 

C 8 H 2 

C 9 

C 10 H 2 

e 

C + 

*3 

CH + 

CI 4 


column, sixth row, in all cases is etc. For temperatures 

considered, the mole fraction of free electrons, e~, was less than 
perform the iterations necessary to find the mole fractions for e - 
of 5000° K and less, no mole fractions for e - and the ionized 
shown in these cases. All mole fractions are in floating - 
is actually the machine zero, and not a true value. 


C-3 



TEMPERATURE =10000 
4.175451 3E— 04 
6.27420 7 6E— T9 
6.9950337E-16 
3.2156304E-20 
1.8048514E-35 
1 . 80485 14E-35 
1.8048514E-35 
1.8048514E-35 
4. 045498 IE— 08 
1.3773892E— 11 


TEMPERATURE = 80^0 
4* 199 271 0E- 04 
4 .08679 5 2£- 08 
2 • 4676229E- 13 
1.0826037E-17 
1. 195732 IE-34 
1.8048514E-35 
3.1568244E-32 
1.80485 14E— 35 
1.0948 53 7E-08 
4.9093888E- 11 


TEMPERATURE = 65*0 
4.3258638E-04 
3. 6 745 23 9E— 07 
1 • 5 4*" 1 3 4C C E- 1 0 
8.3018031E-15 
6 .0433573E— 28 
1.7657625E-28 
1 • 8777 149 E— 26 
2.5821616E-33 
2 • 223003 7 E- 09 
1 .8033646E— l n 


G/H Mass Ratio = 0.005 


0000 PRESSURE 
9.3253666E-H1 
4. 79665 7 1E-.0 8 
4. 3838260E-13 
1.O124OC3E-20 
1.8048514E-35 
3.6872523E-31 
1. 8C48514E-35 
1.3C48514E-35 
3. 50377605^03 


= 1C0.0O000 
9 .901 0590E- r 3 
9.1432 127E— 13 
5.6 133095E-21 
1 . 2397257c— 23 
8 .666 1 153E— 26 
4.2C70967E— 31 
1.8048514E-35 
1.3C43514E-35 
6.29C2754E-C5 


MCLES OF GAS = 

3.8292468E-06 
5. 2993590E-16 
3. 956377 IE— 24 
2. 1500286E— 26 
1. 0536 135E— 27 
1.9964143E— 34 
1. 8043514E-35 
1.8048 514 c— 35 
6. 439 1 672 E— 05 


MOLES OF GAS = 

1. 1761837E— 05 
2.0366808E-13 
4.1063160E-2O 


OOOO PRESSURE 
9.6371841 E— 01 
3. 2 672 8 7 OE— 08 
3. 7451628E-15 
3. 3389561E— 17 
1 . 80485 14E-3 5 : 
2.7218852E-27 
1.3956286E-31. 
1. 804851 4E— 3 5 
3. 63 6930 8E~ 04 


= ICO. 00000 
3.5036830E-O2 
1.4916021E-10- 
1.869163 6E—1-7 
1 .17507395—19 
2.4984932E-22 
4.6424122E-26 
9.8813083E-35 
I.8C48514E— 35 
1.4057B32E-05 


5.0606529E-22 
1 • 5 723 709 E— 23 
8 • 2222 545E-29 
1. 8048514E— 35 
1 . 8 n 48514E-35 
1.4231C09E-05 


OOOO PRESSURE 
■ 8. 6 10938 2E-0 1 
1. 2512658E-C6 
5. 3 5 9.02 5 2E- 12 
1.847.2333E-13 
1.8^4851 4E-35 
1 «4022 n 28E-22 
3. 45 6302 OE- 2 5 
1. 8^485145-35 
2.619045 4.E- 0 5 


ICO. 00000 MOLES OF GAS = 


1.3836936E-C1 
3 .35Q4841E- r 8 
9.793 1343E- 14 
2 . 1394404E- 15 
2.265P327E-18 
1.43074235-2^ 
5. 8 r 066C7E-28 
1 .8048 514E-35 
2.1168267E-^6 


3.9321722E-05 
1. 0353886E-in 
6. 4395133E— 16 
2.2124662E-17 
5.9840760E-19 
9. 3575311 E-23 
1. 6166379E-30 
1.8043514E-35 
2.3371201E— 06 


C-4 



C/B Mass Ratio = 0.005 


0.99358 MOLES OF 
5.8965731E-09 
6.5112609E— 19 
l. 7108158 E- 24 
4.628 151 IE— 29 
3. 0394302 E- 29 
1 . 8C485 14E— 35 
1.8048514E-35 
1.8048514E-35 
1.1020214E-C6 


SOLID = 0. 

9.8964102E-1 1 
4. 9595 934 E— 25 
9 .4048 563E-30 
1.950 1 582E-32 
.8.5561820 E-32 
1. 80485 14E— 35 
1 • 8048 51 4E— 3 5 
3.5074784E-03 
2 .2 19 9992 E— 07 


5.1 1043 13E-14 
5.7068874E-14 
1.8048514E— 35 
1.8048514E— 35 
5.9125125E-34 
1.8048514E— 35 
1.8048514E-35 
4 .30 2549 7E— 07 
l . 1851175E— 1 1 


0.96642 MOLES OF 
7 .10 43 596 E- 03 
7.6704803E-16 
4.4899856 E— 20 
3 .38 3 497 5 £-24 
l • 27380 00E— 24 
5.4427524E-31 
1.8C48514E— 35 
1.8048514E-35 
1.4128 566E-C6 


SOLID = 0. 

5.8279760E-09 
5.S42C969E— 2 I 
8 . 158 8532E-25 
3.9545151E-27 
1 • 329890 IE— 26 
7 .5997919 E- 34 
1.8048514E-35 
3.6738842E-04 
1.465 1621E-07 


1 • 1499094E— 1 1 
5 .1942989E— 12 
2.9996811 £—30 
3 .341 6248 E- 30 
2 . 5512 589E— 28 
1.8048514E— 35 
1.8048514E— 35 
1.9748552E— 06 
1. 84 15705 E— 10 


D . 87843 MOLES OF 

9.4291247E-07 
1. 5475858E— 12 
1.5860416E-15 
4 • 208 2860 E- 19 
1,11599 60 E— 19 
1.5032733E-24 
1.4C95343E-29 
1 .80485 14E-35 
1.7610988E— 06 


SOLID ^ 0. 

3. 9 I 049 40 E— 07 
7.28 13078E-17 
8 » 5062 n 60 1— 20 
1.0558971E-21 
4. 2567366 E— 21 
5* 6651729E-2 7 
1.7189934E-31 
2.860591 5c— 05 
9.2902970E-08 


3 .090 9 86 IE— 09 
8.2907653E— 10 
1.76 19174E— 24 
2 .75578046—24 
2.3582548E-22 
3.0073201E-32 
3 • 18929 3 6E— 34 
3.5978537E-07 
3. 549 782 3E— 09 


C-5 



C/F. 1 / ass Ratio = 0.C05 


TEMPERATURE = 50C0 
2.12471366-94 
2.6571983E-06 
2.8729633E-07 
l • 543818 IE-1 1 
4.240Q367E-29 
5.3749726E-20 
1 * 89 232 1 5E-1 9 
2. 2601320E-23 


TEMPERATURE = 409-0 
1.1213864E-95 
2. 900625 1F-07 
8 »9935737E- r '7 
8.7645607E-12 
4 • 9821 36 IE- 17 
9.1365694E-17 
1.7998977E-18 
2.8267837E-21 


TEMPERATURE = 3009 
2.7172049E-08 
7.5549691E-10 
1 * 53 62 8 53 E- 07 
3.7551 32 2 E- 14 
7.5545428E-15 
1 .488C703E— 14 
2.9923 5 1 9E-29 
3.1021328E-22 


9000 PRESSURE 
4 . 65393266-91 
1. 184973 8E-04 
2. 553366CE- 08 
4.3599883E-09 
3 . 39 282436 — 2 6 
5.6672714E-1 7 
1 . 6343945E- 1 7 
7.8424913E-26 


= 100 . 09 000 
5. 3370185E-91 
2.6068239E-05 
2 . 1995096E-C9 
2 ♦ 5 731 97 7E- 10 
1.0 3541 86E- 1 3 
5.3C51792E-14 
7 • 440647 2E- 20 
2.1 282522E- 28 


MOLES OF GAS - 

8. 27.4491 8E— 05 
1. 2124105E— 07 
5.4452154E-H 
6. 82 85064E— 12 
1.7607405E— 13 
1. 7907303E-15 
1.2141507c— 22 
7. 9955164 E-26 


0OO0 PRESSURE 
1. 460352 3E-01 
1. 31 n 1868E-94 
.1.43 6920 3E—0 7 
2.47357676-08 
3. 931 959 6E- 2 2 
l .4352151E— 1 6 
5. 3561862E-16 
1.916 48 25 F- 23 


= ICO. 00000 
8 .534745 1E-0 1 
1.5253000E-C4 
3 . 3 176 749E-0 8 
5.2328712E-C-9 
2. 1810324E— 13 
9.5457855F— 13 
4. 6 99742 2E— 18 
7 . 449570 5E— 27 


MOLES OF GAS = 

1.2335539E-05 
7.4236103E-07 
2.4867404E-09 
2.34C2166E-10 
1. 7772702E— 12 
1 . 1 7965 9 2 F— 13 
1. 1722773E— 21 
1. 5950892E-23 


9000 PRESSURE 
1.5540674E-02 
1.2535939E-05 
5. 2026556E-C 8 
3. 7930441 E- 09 
3* 1783965E— 19 
7 » 96 97258 E- 19 
' 5. 653735 3E-17 
5.-152331 4E-24 


1CO.HOOOO MOLES OF GAS = 


9.838 168 QE— 0 1 
1.7349942E-04 
6.1344622E-C8 
5.01932656-^9 
2.7764973E— 15 
1 • 1120170E-13 
1.1902879E-18 
3. 9 00 9455 E— 29 


1. 1871968E-07 
6.2901399E-07 
1.5201 147E— 03 
3.8989696E-10 
2. 3701964E— 13 
8.9403926E-14 
6. 5921950E-24 
1 • 2734429E— 24 



G/H Mass Ratio = 0. 005 


0.65178 MOLES OF 
1.110L552E-C5 
1 • 138065 8 E— 08 
3 » 192 549 9 E- 10 
4 • 471 20 8 8 E— 13 
8. 032 749 7E- 14 
7 • 437090 2 E— 17 
8.8888407E-21 
4.2637382E-27 


SOLID 

3 • 899421 7 E— 05 
3.8729571 E— 12 
6. 1897820E— 14 
2. 39 86626 E- 15 
1.4519129E-14 
8.8761517 E— 19 
5.403C280E-22 


1 • 8668435E— 06 
2 .476 24 53 E- 07 
8.5859556E-18 
2.50380088-17 
2.9097123E-15 
2.3205225E-22 
6.7084164E-25 


O'. 539 15 MOLES OF 

6. 646 37 76 E- 06 
3.1950013E-07 
.2.3344363E— 0£ 
3.661 4215E-U 
1.3884255E-12 
8.33553 54E— 15 
5. 5644631 E— 19 
3.0161012E-24 


SOLID 0. 

1 .43778 54 E— 04 
3.6272619E— 10 
.1 .1395125 E- 11 
2. 8087833E— 13 
7.7742506E-13 
2. 1715012E-16 
1.1937693 E— 19 


3.0229479E— 05 
1 .59 081 28 E— 07 
4.8547124E-15 
8.203398CE-15 
3 .92 779 9 IE— 13 
1 .5120544E— 18 
2 .75876 6 4E— 23 


0.50352 MOLES OF 
4. 8167658 E— 07 
2.6037492 E—C6 
2.379782 7E— 07 
1.9798437E-10 
3. 65939 39 E— 13 
1.1189247E-14 
5.7655251E— 20 
1.48667 17 £—24 


SOLID = 0. 

1. 5777311 E-04 
1.2648031E-08 
4.0935694E-10 
2-.1075004E-12 
9. 1 33 094 5 E— 13 
8.1341923E-16 
7 . 5836645E-20 


2.9451265E-C4 
2 .3392701E— C-9 
6.5093591E-13 
2.5703787E-13 
1 .63674<"'7E-12 
7 • 7169473E- 16 
5.728029 IE- 2 5 



TEMPERATURE = 2200 
5.8539442E-13 
2.4217167E-15 
2.8648490E-11 
4.739031OE-21 
2.8324714E-15 
9.4877039E-16 
7.5459135E-29 
2 • 5472 103E-3 1 


TEMPERATURE = 1600 
3.8624014E-2 A 
2 .552078 IE-24 
2 .3507038E- 1 8 
3 • 1312920E-33 
3.46742226-18 
2.1930325E-20. 
1.8048514E-35 
1.8048514E-35 


C/H Mass Ratio = 0.005 


nonn PRESSURE 
5 • 5 94 89 4 8 E— 94- 
6. 6328984E— 09 
2.9620536E-11 
8.6903554E-14 
5.6396554E-13 
2 • 394Q640E— 27 
2.1682849E-24 
1. 5 8 3403 3E— 32 


= l^O.OOOCO 
9.9860528E— 01 
3 .5553276E-06 
2 *5846 174E- 10 
1.5513783E-12 
•2. 43176386-22 
3. 4475393 E-20 
1.658 n 885E— 25 
1.8048514E— 35 


MULES OF GAS = 

1.67446716-11 
7.3236019E-09 
4. 3 1 54 83 6 E— 10 
2. 46230136-13 
6. 2643151E-19 
3.9731203E-19 
4. 8406229E— 34. 
9. 3859802E— 35 


.0000 PRESSURE = 
5 .427909 2 E— 06 
6. 71662 53 E- 15 
1. 3003 90 6 E- 17 
9.4798828E-23 
2. 097868 5E~ 19 
1.8048514E-35 
1.30 485 14E— 35 
1.3048514E-35 


100.00000 ' MOLES OF GAS = 


9.9915469E-01 
9.2745634E-10 
1.7655115E-15 
6.77982466-2^ 
2. 402 82 5 7E- 3 5 
5 .66095936-33 
1. 8048514E— 35 
1.3048514E— 35 


1.4919L90E-17 
8. 3078 189E— 13 
4.53550186-14 
2. 9221686c— 20 
8 .21127996-30 

2.3066331E-30 
1.30 48 514E— 35 
1.8048514E-35 


C-8 



C/l\ Tv ass Ratio = 0.005 


0.49952 MOLES OF SOLID = 0. 

I. 2089223E-C9 1.9070822E-05 
7.8974932E-07 2.9533013E-08 
1. 38L412 8E-03- 1 .4235627E-10 
6.714653IE— 13 1 . 1302760E-14 
2. 6970416 E— 13 4.983C864E-17 
1.05375S5E-19 3.3C06921E-20 
3.C525327E-28 5. 2977070E-27 
1.4587294E— 33 


8» 1 185358E— 04 
1.1501892E-14 
1 .4300328E— 12 
1 • 042 595 5 E— 14 
5.44904 18 £—16 
3 .6876 26 6 E— 17 
3 .9 623 07 7E— 35 


0.49937 MOLES OF SOLID = 0. 

6.3497786E-14 2 .36475C-7E-Q7 
9* 14599 14 E— 09 6 . 7365274E-09 
4.2341923E-12 5.6227696E-13 
8.9872452E— 19 3 . 1313958E-20 
1.69Q788 8E— 28 ' 4.8194445E-26 
2. 1601133E-30 5.5940126E— 30 
1.8C48514E— 35 1.8048514E^35 
1. 80485 14E-35 • 


8 .3 9 724 10 E— 04 
4.8798556E-24 
8.3345817E— 14 
5 • 03 5 82 33 E— 19 
7.0994777E-24 
1.4266429E-22 
1 .8048514E— 35 


C-9 



U/H Mass Ratio = 0. 005 


TEMPERATURE =109^0 
4.1655154E-94 
3,122191 8E— °8 
8 •39341 r '3E-14 
3.98141396-18 
1,0260781 E— 33 
1.8043514E-35 
9.3229446E-33 
1 .80435 14E— 35 
8.91 I7894E- r 8 
1.5135086E-19 


TEMPERATURE = 8000 
4. 2049220E-04 
2.0480236E-07 
2 ,76°566 9E-1 1 
l .3593885E-15 
2 • 349 511 9E- 2 7 
7. 13.5829 2E-29 
4,971730 45-28 
2.65608S7E-35 
2 ,3 890 84 3E— 08 
5.36245586-1^ 


TEMPERATURE = 6590 
3.77521 n 6E-04 

1.39929nn E _r, 6 

9 . 3568571E— C9 
6.0194354E-13 
1 .39768356-21 
1 .3334119E— 22 
1.131 16966—22 
1.03274646-27 
4.73766016-99 
1.67794856-99 


CO PRESSURE 
9 .49923496- 01 
1. 15 3849 3E-06 
2. 54278936-1 5 
1 .1446 1 6 IE- 1 7 
1 .39485 14E— 35 
1.1359119 E- 27 
1. 282 153 IE- 3 2 
1. 3048514E— 35 
1. 534082 IE— 0 3 


500.00000 
4.6273397E-C2 
1.0632099E-1C 
1.5740664E-17 
3.731 54 15 £-.20 
5.352 18 19E-23 
6.2651858E-27 
1. 3048514E— 35 
1.8048514E-35 
1 • 342 8 796E— 04 


MOLES OF GAS = 

1. 8466668E— 05 
2.97916326-13 
5. 3632444E-20 
3 • 0070802E-22 
3.. 1455571E-24 
1.4371828E— 29 
1. 8048 5 14E— 35 
1.3C48514E— 35 
1. 3734443E— 04 


0000 PRESSURE 
3.5958077E-01 
7 . 3020666E- 3 7 
1 • 8685157E-1 2 
2. 1497787E-14 
5.94456 90E- 3 5 
8. 5637885E-24 
9* 802413 5E~ 2 7 
1.3C48514E-35 
1.4832893E-04 


= 509. 00090 
1.-3956844E-91 
i.4866321E-^8 
4. 1589107E— 14 
2. 9346218E— 16 
1. 5704108E— 19 
6.5 139745E— 22 
3.0951713E-29 
-1.8043514E-35 
2.7329 971 E— 05 


MOLES OF GAS = 

5.2513723E-05 
9.0530374E-I1 

4. 0 75 1 563 E— 16 
5.63637536-18 
4. 40 8 9442 E— 20 

5. 1451698E— 24 
3.9481461E— 32 
1. 8048514E— 35 
2.5971348E-05 


PRESSURE 
6 . 295770 7E— 0 1 
1.7419064E-95 
1. 1909554E-09 
4. 3 9635 9 9 E- 1 1 
4.472983 9E-28 
l . 935 84 57E- 19 
7.6116399E-21 
4 • 993 11 22E— 30 
7.8412629E— 96 


SCO. 00000 MOLES OF GAS 
3.69834006-^1 


1.9595615E-C6 
7, 9500 8 76 E- 11 
2 .973 1009E- 12 
7. 1663165E— 16 
7.2208729E-17 
4.6699502E— 23 
7.9947292E-33 
3.7795426E-06 


1.27944776-04 
1.9262613E-08 
1* 9110475E— 12 
7 . 3372760E-14 
6.9212871E-16 
1. 7264654E-18 
4. 249 5093 E— 26 
1.4819^826-30 
2. 5579519E-06 


C-10 



C/H Mass Ratio = 0.005 


0,95702 MOLES OF 
1,37 46 264 E- 07 
1 ,7693141 E— 15 
1, 1209544E-19 
3,12908936-24 
4.3864953E-25 
1, 680 27 52 E— 31 
1,80485146—35 ' 
1*80485146—35 
1.12751336-05 


SOL 10 = 0. 

1.1 1525006-98 
3. 1492360 E— 20 
2,97883546—24 
6* 3736723E— 27 
5. 9691982E-27 
3 . 83978706-^34 
1 * 80485 14E— 35 
1 , 5499043E-03 
4,84842126—07 


2.7839535E-11 
1.41656LCE-12 
3.7888562E— 29. 
8 ,58505996-30 
1 • 993963 9E— 28 
1.8048514E-35 
1,80485146- 35 
1 .94385416-07 
6 .04823196-10 


0.87757 MOLES OF 
1 .4 145S46E— 06 
1.5205488E— 12 
1. 98 696 87 E- 15 
1 « 680 60 6 8E— 19 
1.5923892E— 20 
1.5189162E— 25 
2,43159036—31 
1. 8048514E-35 
1.14990806-05 


SOLID = 0, 

5.17 52 149 E— 07 
2. 3033495E- 16 
1.61020446-19 
8.7599158E-22 
7.4143 r ’02 E— 2 2 
9 .4585332 E— 2 8 
3.6627539E-33 
1.60154706-04 
3.C012278E-07 


4.55387076-09 
1 .30298706-10 
1.17744416-23, 
3.30113906-24 
6. 3433051 E— 23 
4.9580336E-33 
1 .8048514E— 35 
■9.0707269E— C7 
7.50264876-09 


0.72988 MOLES OF 
1 *09970606—05 
1 • 05253 12E— 09 
1.7228547E— 11 
5.4495695E-15 
4.7186835 E- 16 
1.0139179E— 19 
1.35450496-24 
5. 76791526-32 
7.04633 706- C6 


SOLID = 0. 

1.6672678E-05 
6.6179985E— 13 
3.3735 81 IE- 15 
4. 9985814E— 1 7 
6. 5796601 E— 17 
1.3968401E-21 
6 .0387724E— 26 
1. 3 97 144 5 E— 05 
1.2136985E— 07 


4. 81 76909 £—07 
1.3776524E-C8 
9.3385123E-19 
4. 7691200 E— 19 
1.3325565E-17 
9.9^946215-26 
3.6582162E-29 
1.2857495E-07 
6 o 1975475E-C8 


C-ll 



C/II Iv'.asa Ratio = 0.005 


TEMPERATURE = 5000. PRESSURE 


5.7710357E-r-5 
9. 80 1635 7 E-0 7 
3. 820,461 2 E- r '7 
l.05 r '3947E-ll 
7 • 1 12205 7E- 1 7 
1 .73 760 A3 E— 17 
3.2246408E-19 
1.8856145E-22 


2 • 4729843E— 0 1 
1.1603C51E-0A 
9.01338 04E— 0 8 
7. 37 23385 E- 09 
3. 903 849 3 E- 2 2 
7.1111173E-17 
7. 3931932E-17 
1.736 8493E— 24 


500.00000 MOLES OF GAS = 


7 .521534 1E-0 1 
6.7758519E-''5 
2.0610535E-08 
1 . 2335 872 E— 09 
9..5665960E- 14 
1.7670655E-13 
8.9345905E-19 
9. 08 39 72 IE— 28 


5. 9659890E-05 
8.36548C8E-07 
1. 354462 9'E-09 
8.6898 320E-1 1 
4.3184288E-13 
1. 5833295E— 14 
2. 8098361E— 22 
9.05916 n 9E-25 


TEMPERATURE = 

1.9016312E-C6 
4.17C8691E— 08 
2.5624682E-07 
9.0608710E-13 
4. 5607324E— 1 5 
i .30OO504E-15 
1.13434476-19 
2 .9915 199E-22 


PRESSURE 
6. 821581 7E— 32 
4.400 13 16E— 05 ' 
9.5568545E— 08; 
5.9725897E-09 
1. 96346 19E- 1.9 
1.Q667474E.-17 
7 .88 4064 7E-T 7 
4.73 69 813 E- 24 


4C90.0000 


5CO.OOOCO MOLES OF GAS * 


9 .3 114117E— 01 
1.1968 160 E— 04 
5. 93032 5 5E— 08 
2 .95 1037 6E~ 09 
1. 9118527 E— 14 
1 .'6 57 1 1 9 3E- 1 3 
1.6157198E-18 
2.3621057E-28 


4. 88 5 8 264 E— 06 
1.3600116E— 06 
9.0220919E-99 
3.0823933E-10 
3.6386741E-13 
4. 782951 4E— 14 
6. 2644069E— 23 
1.4313212E-24 


TEMPERATURE = 30r> 
2.2523C79E-09 
2.5954559E-11 
4.9120138 E-C9 
2.2159 3576-1,6 
2*8 82644 2E~ 14 
4.6668038E-15 
1.2571044E-23 
5.02692856-26 


.0000 PRESSURE = 
6. 9796 122 E— 03 
9. 67097386-07 
3. 7354648E- 09 
5 . 0329534E— 1 1 
1.5736709E-17 
8.078^212E-22 
5.33338546-20 
i. 8748921E— 2 7 


5C0.0C000 MOLES OF GAS = 


9..9221793E— Cl 
3 .0056723 E— 05 
9.3907120E-C9 
1.4936188E-10 
6 .79055G5E-18 
2.531 1970E-16 
2.5215845E-21 
1. 1 666 89 7 E— 33 


2. 2098331E— 08 
2.4470088E-07 
5. 503 747 8 E— 09 
2. 6054216E- 11 
1. 301 7389E— 15 
4. 5698143E— 16 
1. 147791 8E-27 
8. 5 5 25 730 E— 29 


C- 12 



G/H Mass Ratio = 0.005 


0o57032 MOLES OF 
2.1247785E-C5 
2.0844772E-07 
2. 19 80 393 E-C 8 
l. 510.4250E-11 
5.2297773E-13 
1 • 745 5 54 3 E— 15 
5.4606211-E-20 
1.2823931E-25 * 


SOLID = O'. 

1 .9811582E— n 4 
4.9986231E-10 
1 .0849388 E-ll 
2* 1 509 59 5 E— 13 
2 . 5092770E— 1 3 
5 .530 2374 E- 17 
8.8 109574E-21 


2.5177666E— 05 
1. 2404823 E- 07 
1.C604638E-14 
5.9600793 E— 15 
1.3348936E- 13 
1 .0 187851E— 19 
2.10 83 860 E- 24 


0.51729 MOLES OF 
6o 1484035E-C6 
1.3670850E-C6 
.1 • 9 78 13 7 7 E— 07 
1.1263647E-10 
6.6391091E— 13 
7. 89 351 46 E— 15 
6 • 94496 6 9 E~ 20 
6. 321 1390 E— 25 


SOLID a 0. 

3. 1064824E— 04 
8 .46 63 92 9 E— 09 
.2. 2552304E— 10 
2. 0 181129 E— 12 
8. 682465.1E— 13 
4.8027999E— 16 
3 • 479 8 845 E— 20 


1.5254672E-04 
1.9395741 E-C 8 
3 « 241 1925 E- 13 
1.3766337E-13 
1. 0245456 E— 12 
1.8243015E-17 
1.2500.205E-24 


0.. 501 19 MOLES Oi 

2.0133709E— C7. 
2.2746C32E-06 
l • 9348 6 54 E— 07 
2 • 970899 3E— 11 
4.5131558E-15 
1.2843346E-16 
2 • 2542565 E— 23 
2.2421519E-28 


SOLID •= 0. 

1 • 480 9 237 E- 04 
5 • 5717559E— 08 
7.4738991E-10 
7.10160 47 E— 13 
2. 5294 175 E-l 4 
2. 0966 3 8 6E— 17 
6. 65847 8 IE— 23 


6 .20776 17E-04 
3.33071 07 E-ll 
5 .993021 IE— 12 
1.9449899E— 13 
1 .017919 5E- 13 
1.00303 87E— 16 
4. 13 347 10 £—29 


G- 13 



C/K Mass Ratio = 0. 005 


TEMPERATURE = 22 A 0 
2.3938060E-14 
2 *024760 5 E- 1 7 
1 .09 5253? E- 13 
1.6563899E-24 
6 • 19 50848E-1 6 
8 *4830 132E-1 3 
2.2543126E-34 
1.8048514E-35 


ooco PRESSURE 
2. 5 n 24954E- ?4 
1 . 240238SE— 1 0 
2.5 325434E-1 3 
6 . 792979 7E-17 
6.1682225E-18 
4. 2 2 8646 9 E~ 3 2 
1. 443673 OE— 29 
1. 8Q48514E— 35 


5?0 .0CQ00 MOLES OF GAS = 


9.989 103 1E~C 1 
1 .486 732 8E— 07 
4.9421048E-12 
2 . 7 120 104E— 15 
1.7378135E— 26 
1*1 26 55 5 4E— 24 
2 • 47 7498 7E— 30 
1.8043514E-35 


1. 53132776-12 
6. 85371 13E— 10 
I.8454242E— 11 
9. 6264675E— 16 
1.0011673E-22 
2 • ^035 3 55 E— 23 
1. 8043514E— 35 
1.80485146-35' 


TEMPERATURE = 

1 • 5452257E-2 1 
2 .04 2359 4E- 26 
8.4144819E-21 
1 • 80485 14E-3 5 
6.9396672E-19 
1 .755945 8E-22 
1 • 80485 14E-35 
1.8043514E-35 


PRESSURE 
2. 42 7 4381 E- 06 
l. 20191 78E-16 
1.04O8493E-19 
6. 7379n38E-26 
2 • 0993345E— 1 9 
1. 80 43514E-35 
1.8048514E-35 
1. 80 48514E-35 


16OC.000O 


5CO. 00000 MOLES OF GAS = 


9.9915755E- n l 
3 . 7 11 1043E— 11 
3.1598816E-17 
1. 0855149E-22 
1. 8043514E-35 
1 .S048514E— 35 
1 . 8048514E— 35 
1.8048514E-35 


1.3338381E-18 
7. 433308 IE— 14 
1. 8151456E-15 
1.0461878E-22 
1.1761 127E— 33 
1.7981314E-34 
1. 8043514E— 35 
1. 8 n 43514E-35 


C- 14 



C/I, fl/Jass Ratio = 0.005 


0.49944 MOLES OF 
2.4706S84E— 10 
1.6517540E— 07 
1.B21U67E-G9 
5. 8708392E— 15 
9. 63989 69 E— 22 
1.7222151E-23 
4 . 169894 IE— 34 
1.8048514E— 35 


SOLID = 0. 

8o7229563E-C6 
3. 0898662 E- 08 
3. 0 44709 8 E— 11 
2. 2 101034E— 16 
3 .98321CCE— 20 
1. 20 64324 E— 23 
1.6184688E-32 


8.304690 IE— 04 
1 .9662147 E— 17 
1.529740GE— 12 
4. 55 9 269 OE— 16 
9 . 74106 88 E- 1 9 
6. 7413 596 E— 20 
1.8048514E-35 


0.49937 MOLES GF 
1*270 177QE— 14 
1.8 29 8342 E— 09 
3.7891 47 2 E— 13 
7. 1947548 E— 21 
5.4151900E— 32 
3. 09 4 49 6 5 E— 34 
1.8048514E-35 
1.8048514E— 35 


SOLID = 0. 

1.0 577344E— 07 
6. 73889 20 E— 09 
1. 1251412E— 13 
5 .60 5490 4E— 22 
3 .45 14909 £-29 
1 .79 19 285 E— 33 
1.8048514E-35 


8. 3987259 E—C4 
7.81 17973E-27 
8.3389585E— 14 
2. 0 157224E— 20 
1 • 13689 82E— 26 
2 » 2 8499 80 E— 25 
1 .80485 14 E— 35 


C-15 



G/H Mass Ratio = 0.005 


TEMPERATURE =10000 
4.0982904E-04 ’ 
6.04443^9E-^8 
6. 1379123E-13 
2.9844136E-17 
1.4183699E-30 
1. 01683998-32 
5.3243177E-31 
1.8048514E-35 
1 .2259963E— 07 
4.0<57C581E-10 


TEMPERATURE = 8000 
4 .08 143 36 E- 04 
3.8607449E-C7 
1.81 80334E- 10 ' 
9 . 66 1 5 32 2 E— 15 
1 .8338 111E-24 
3 • 3406 8 5 2E— 26 
2.5367775E-26 
9 . 374 41 4 2 E— 33 
3.2916763E-08 
1 .4346054E— 09 


TEMPERATURE = 6500 
2.9544734E-C4 
1.714 n 183E— 06 
2.9142812E-08 
1. 806348 2 E- 12 
2 . 034473 2 E -19 
1 • 151 1377E-20- 
1.3O16093E-21 
4. 958 406 2 E- 2 6 
5 . 880768 6F- 09 
3 . 25 8253CE-09 


.OOOr PRESSURE 
9. 11763L7E-^1 
4.2881337E-06 
3. 56 95 57 6E— 14 
1 • 647042 8E- 16 
1. 3048514E-35 
3. 2967968E-26 
1.4n56380E-30 
1.8048514E-35 
1 .05 30541E-03 


=ioro.ooooc 

8 •526 ri 570E- r '2 
7.5851063E-10 
4.241 81636-16 
1.0307579E— 18 
7.8943333E-22 
3 • 490 63 6 5E— 25 
3 .7592738 E- 3 3 
1 .8 n 48514E-35 
1.80227836-^4 


MOLES OF GAS = 

3.48774626-05 
4.98nnoi2E-12 
2. 774 4 72 IE- l 8 
1 . 5945449E-20 
8.9064642E-23 
1.5371137E-27 
2 • 2642C75E— 35 
1 • 80485 14 E- 3 5 
1. 809 82 47E— 04 


0000 PRESSURE 
7.7328760E-01 
2.47665966-06 
2. 21-40360E— 11 
2.749036^-6-13 
1.2745866E-31 
2.2947445E-22 
9. 1763295E-25 
3.97756928-35 
9.4342884E-05 


=1000.00000 
2.25905048-01 
9.07241568-08 
8.3664914E-13 
6.7518 546E- 15 
2.1671979E— 18 
3.1405C10E-20 
5 .2 13 2041E-27 
1.8 048 5 14E— 35 
3. 48 9202 IE - n 5 


MOLES OF GAS = 

9. 1729754E-05 
9.9399346E-10 
1. 5631503E-14 
2 . 333 217 1 E-16 
1 .0947234E-18 
4. 4631025E— 22 
3. 9886674E-30 
1.8048514E-35 
2. 962 1C60E-05 


0000 PRESSURE 
5.11 37984E— CL 
3 . 466 22 93 E— 95 
6. 02 1346 6E— 09 
2 . 386952 5E—1 0 
1. 71 8 2629 E— 25 
1.4231623E-13 
1.4228379E- 1 9 
3.7183093E-28 
4. 0155912 E— 06 


=1000.00000 
4.880072 1E-0 1 
6.3345550E— 06 
6.5346575E— 10 
1.6417817E— 11 
3 .36597*36— 1 5 
8.6237 868E- 16 
1.-4181235E-21 
3.5274636E-31 
4.86923476-^6 


MOLES OF GAS = 

1.615 178 IE-94 

1. ^115723E-07 

2. 5513029E-11 
1 • 0082888E— 12 
5.281 1232E— 15 
3* 3495 835E-17 
7 . 6536326E-25 
1.0621986E-28 
2. 1280439E-06 


C-16 



C/I-i Maas Ratio = 0. 005 


0.92212 MOLES OF 
4.9838443E-07 
4.6515155E-14 
1 • 1131750E-17 
3.1851732E-22 
2 . 38 423 6 8 E- 2 3. 
3. 449 83 2 3 E- 29 
1.8048514E-35 
1 . 8048514E-35 
2. 8521382E— 05 


SOLID = 0. 

7.7620320E-C8 
3.05099556-18 
5.6786589E-22 
1.2454547E-24 
6. 2283161 E— 25 
1. 5133809E— 31 
1 .80485146— 35 
1.08296396-03 
6 • 5488544E— 07 


3.7195346E- 10 
5.3962748E-12 
2.6616693E— 26 
3.2203650E-27 
3.9938864E-26 
1.8048514E-35 
1 . 80485 14E— 35 
1.3677452E-07 
3.0105111 E— 09 


0.81567 MOLES OF 
4.445 808 IE— 06 
3.00382 02 E- 11 
1.3712981E— 13 
1. 2517160 E— 17 
7.113826 6E— 1 9 
2.37C5810E— 23 
4.4198656 E— 29 
1.8048514E-35 
2.3596824E— 05 


SCLID = 0. 

2.9264 r> 55E— 06 
1. 4729 97 7 E- 14 
1.9994287E— 17 
1 • 1738805E— 19 
5.9594815E-20 
2.656C n 85E— 25 
1. 19787 33E-30 
1.1364291E— 04 
3.6940587E— 07 


4.6330947E-C8 
4.769351QE— 10 
4. 73 29 765 E- 21 
7. 95 936 85 E— 22 
9 • 17356 1 2E— 21 
4. 50 70 02 9 E— 30 
6.1565419E— 34 
6. 20 5 296 8E— 07 
2.9894286E-C8 


0.67182 MOLES OF 
2® 271 250 QE— 05 
8 .9792829E— 09 
3. 7 372222 E- 10 
1.138955 IE— 13 
5 • 8490443 E— 15 
3 • 19 5 65 9 9 E— 18 
3.9630254E-23 
6.716 2603E— 30 
9.5230547E— 06 


SCLID = 0. 

5.5939471 E-05 
1. 4899 877 E- 11 
1.1688195E-13 
1.6971336E-15 
1.3249282E— 15 
7* 1520 189 E— 20 
2. 870 248 8 E- 24 
1. 1080073E-05 
9 • 72 8439 3 E— 08 


2. 6258908E— 06 
2.6412925E-C8 
8.6846378E-17 
2. 63 046 2 5E— 17 
4. 359123 2E -16 
1. 339C035E-23 
1.0312399E— 27 
6.3440129E— 08 
1.3109968E-C7 


C- 17 



C/F J/.ass Ratio = 0.005 


TEMPERATURE = 500? 
2.79669256-05 
.4.60373656-07 
2.56363046-^7 
4.63413926-1 2 
6.9937630E-16 
7.62193746-17 
1.29533206-19 
1 .04586 1 IE- 22 


TEMPERATURE = 4000 
..7.52843206-07 
1. 307343 3E-08 
9.0868179E-03 
1.78043656-13 
la 5571872E— 14 
1.7213748E-15 
1.10634646-20 
2.61351726-23 


TEMPERATURE = 3000 
6.3001967E-1O 
4.061 5928E— 12 
6.08771716-10 
1 .08 5306 5E- 17 
2.2773585E-14 
1. 02921336-15 
1.0780440E-25 
1 *91000 3 9E— 28 


.0^0 PRESSURF 
1. 3226278E-01 
- 3. 03 3 24 o -3E- fl 5 
3. 9152555 E— 38 
5. 1199325E-09 
3 • 340 8895E-2 1 
2. 9473623E-17 
4. 3777933E- 17 
1.424079 IE— 24 


=1 oco. cocro 

8.1712720E-01 
6.9149500E— C 5 
3 .0049 83 IE— 08 
1.1 82 5976E— 09 
4.0910263E— 14 
1.0 795 809 E- 13 
7. 7983325E— 19 
3. 32242726-28 


MOLES OF GAS = 

4 • 261672°E— 05 
.,1.25841146— 06 
2. 9103952E-Q9 
1. 2279622E-10 
*'2 • 7221 19 5E-13 
1 * 425872 IE— 14 
1.0940026E-22 
4. 8839 85 1 E— 25 


”000 PRESSURE 
4 • 3735880E-02 
"l .970703 7 E- 05 
4. 8 4241 6 OE— 08 
1.6769202E-09 
1.3687233E-18 
1.3140483E-13 
1.0987277E-17 
5 .913 29 53 E- 2 5 


= 1000.00000 

9. 50545616-01 

7 . 6 59 1073 E— 05 
. 4. 2935799E-0 8 

1.1839091E-09 
2. 974456 IE- 15 
2. 9167358E— 14 
3.2173 590E-19 
1.3355498E— 29 


MOLES OF GAS = 

2. 7637475E— 06 
1. 24361 73 E-06 
9. 3 33446 9 E— 09 
i. 7669 5536 — 10 
8.08891 17E— 14 
1 . 2^ 29 086 E- 14 
4.8375232E-24 
9.9007195E-26 


PRESSURE 
4.94034ngf:-03 
2. 142 4413 E- 07 
6.5538233E-10 
3. 4395895E- 1 2 
2.4915266E-17 
1 • 233 32 3 2E— 2 3 
6.4803203E-22 
1.0034724E-29 


= 1000.00000 
9. 942 3 33 8E— 01 
9.426176 IE— C 6 
2.4565944E-09 
1.4660439E-11 
1 . 3606 16 IE— 1 9 
5.4927478E-18 
4.3336055E-23 
1.3C48514E— 35 


MOLES OF GAS = 

8.75067216-09 
1 . 036 3884 E -07 
1 . 935 1740 E- 09 
3. 6202 68 6 E— 12 
5. 0493031 E— 17 
1.4038388E-17 
5.50660286-30 
1. 8179702E-31 


C- 18 



G/H Mass Ratio = 0.005 


0.54983 MOLES OF 
2.2372672E-C5 
4.622 n 596E— C7 
6.6779710E-C8 
3.1461503E— 11 ' 
4.8592740E-13 . 
2 .3171229E— 15 
3.1339083E-20 
1.0190934E— 25 


SOLID = 0. 

3 .0 74S924E-C4 
2 .40825216— ^9 
5.0661474E-11 
6.60418156-13 
3. 4367130 E-13 
1 .082C964E— 16 
7.4537364E-21 


5.7601377E-05 
5. 647C738E-C8 
1.0759239E-13 
2.69 74003E— 14 
2.69493316-13 
4.3312964E-19 
7 .9562562E— 25 


0.51205 MOLES OF SOLID = 


4_. 9.6 9.5.4 20 E— 0 6 

1.7862147E-C6 
2 . 924050 9E— 07 
9 • 2259378E— 11 
2. 1088734E- 13 
2.83661-95E-15 
7.6631311E-21 
6.2476830 E— 26 


„3. 58 77942 E-C4„ 
2.2585198E-08 
4.7633 578 E— 10 
2.3619457E-12 
3.9407361E-13 
2 • 466 145 8 E— 16 
5. 4864886 E— 21 


2 .51 73535E-C4 

4.8135584E-09 
2 .260 164 IE— 12 
2 . 302 1661 E- 13 
6. 64445 5 0E- 13 
1.9125309E-17 
7 .64283746-26 


0.50065 MOLES OF 
1 . 1 286554E— 07 
1 .42958786—06 
9.6309165E— 08 
5 . 8439403 E— 12 
' 2. 47 8 23 94 E— 16 
5.5 853842E-18 
1. 5310175E-25 
6 • 7469 9 47 E— 31 


SOLID = 0. 

1.1752381E-04 
7.0179210E-08 
5.2664719E-10 
1.9775611 E-13 
1.9662542E-15 
1.2907354E-13 
6. 40188716-25 


6 .9740 31 4E- 04 
2.91 591 97E— 12 
8 o A631023E-12 
7.6673726E-14 
1 • 1201792E— 14 
1 . 23 75401 E- 17 
1.1094074E-31 


C-19 



C/li Mass Ratio = 0; 005 


TEMPERATURE = 22^0 .0900 PRESSURE 
6.0049317E-15 1. 7695962E-04 

2.54325''>6E~18 2 . 29 7520 IE- 1 1 

9 *78 0529 4E— 15. 3. 1984242E-14 

5 • 2471869E- 26 3. 'K3397.7E- 18 

3 • 1409491E— 16 6. 255 11 89E-1 8 

1 .0788253E-18 3. 371 8373E.-34 

1. 8043514E-35 8. 1962186E-32 

1. 8048514E-35 1.8948514E-35 


=1CC9. 00000 MOLE'S OF GAS = 


9. 9898342E-0 1 

3 « 74251 08E-C8 
8.8271710E-1 3 
1* 7183838E-16 
2.7619709E-28 
!• 270 4225 E- 2 6 
1.9823844E-32 
1.8048514E-35 


5.4327313E— 13 
2* 4399 82 4E— 10 
4.6616221E-12 
8. 6263323 E-17 
2. 2503675E-24 
4 • 63C 7609E— 25 
1. 8048514E— 35 
1.8048514E-35 


TEMPERATURE = 1690. O'nQ PRESSURE 
3.8632079 E— 22 1. 7164591E-06 

2 • 553 1404E— 27 2.,124870iE-17 
7.4382666E-22 1 .3912087E-20 
1 . 804S5i4£-35 3 • 0nr»3r-^7E— 2 7 

3 *470368 IE— 19 2. C996559E-19 
2. 1953436E-23 1.3048514E-35 . 
1. 8043514F-35 1. 3048514E-35 
l. 8048514E-35 1. 80 43514E-35 


=1009.99000 MOLES OF GAS = 
9.9915374E-01 4. 7160040E-19 

9.2784643E-12 2. 6282724E-14 

... 5. 5865669E-18 4. 5383790E-16 

6.7854902E-24 9. 2484857E-24 

1.3043514E-35 2. 5993429E-35 

1.8048514E-35 1. 8048514E-35 

1.3C485I4E-35 1.8048514E-35 

1.8C43514E-35 1. 804S514E-35 


C-20 



C/I-I V:as3 Hatio = 0. 005 


0.49942 MOLES OF 
I *239649 5E— 10 
8 o 31 6433 0E- 03 
4.7196814E-10 
7.4402970E-16 
3.0644293E-23 
3 « 8845 8 53 E~ 25 
1.8048514E-35 
1 .80485 1 4E— 35 


SOLID = 0. 

6.1897842E-06 
3.1116682E-08 
1.5383262E-X1 
3.9612595 E-17 
1.79C7777E— 21 
3. 84859^5 E— 25 
' 6 • 49 72638 E— 35 


8.3342423E-04 
1.2415048E-18 
1.54590 16E— 12 
1.1557044E— 16 
6.1936337E— 20 
4 .30.127 18 E- 21 
1 .8048514E— 35 


0.49937 MOLES OF 
6.3511304 E- 15 
9 . 1498 73 3E— 10 
1. 33982 08 E— 13 
8. 99 47 94 2 E— 22 
1.6925624E-33 
1.8C48514E— 35 
1. 80485 14E— 35 
1. 80 48 514 E— 35 


SOLID = 0. 

7 .47960 22 E— 08 
6.739415 8.E— 09 
5.6263525E-14 
9.9L07195E— 23 
1.5256412E-30 
5.6010555E-35 
1.8048514E—35 


8.3990530E— 04 
4.8829135E— 28 
8. 339 92 8 9 E— 14 
5.Q400798E— 21 
7 • 10694 19 E— 28 
1 • 42 8 4479 E- 2 6 
1.80485 14E-35 


C-21 



C/H Mass Ratio = 0.01 


TEMPERATURE =10000 
-8.3453376E-C4 
2.50636S7E-Q8 
5 .5826476E-1 5 
5* 1314327E— 19 
X.80435L4E-35 
1.80485L4E-35 
7 .7299 72 5£- 3 5 
1.8048514E-35 
8.0846483E-08 
5.5015997E-11 


TEMPERATURE = 8000 
8.3923538E- n 4 
1.6323096E-07 
1.9689U9E-12 
1.7270658E-16 
1.90.12322E-33 
4.5890977E-34 
4.0199394E-30 
1.8048514E-35 
2.1936709E-08 
1.9658603E— l n 


TEMPERATURE = 6500 
8.5892369E-04 
1.4486538E— 06 
1.2O52626E-09 
1.2903262E-13 
9.3618813E-27 
5.4357502E-27 
2.2845579E-24 
1.2380519E-30 
4.4448480E-C9 
7 • 1594885E— 1 0 


O00O PRESSURE 
9. 3 2 1248 4E— 01 
1.9153266F-07 
3.4971848E-17 
3 » 05048 7 7 E- 19 
1 *80485 14E- 3 5 
2.350509OE-29 

2. 19322 7 6E-3 5 
1*80 4851 4E-3 5 
3.5O27426E-03 


= ICO .00000 
9.3927610E-03 
3.6493953E-12 
4.4765239E-20 
2 .05639 15E-22 
2.76401346-24 
2. 6807661 E- 29 
1.8C48514E— 35 
1.3C48 514E-35 
6. 2863577 E- 05 


MOLES UF GAS =' 

7.65C2283E-06 
2. 1144839E-15 
3. 153941CE-23 
3; 4266571 E— 25 
3 . 35 9 3370 E— 26 
1.271 5S46E— 32 
1.8048514E-35 
1 . 8048 514E— 35 
6. 48 45344-E-05 


9000 PRESSURE 
9.6331452E-01 
1 • 30 4442 5E-9 7 
2.9370065E— 14 
6. 121 6807E- 16 
1 • 80485 14E-35 
1.7343185E-25 
1.7764652E— 29 
1. 80485 14E-3 5 
3 .626 1642E-04 


= ICO. 00030 
3.5057426E-O2 
5.9526275E-10 
1. 4901 519E— 16 
1.8730117E-18 
7.9657626E-21 
2 .95679 15E— 24 
1.2572433E— 32 
1 .3043 514E— 3-5 
1.4087757E-C5 


MOLES OF GAS = 

.2* 3496491E-05 
8. 124-498ZE— 13 
3.2727C34E-19 
3.0630585E— 21 
5 .0 125676E— 22 
5. 2346263E— 27 
1. 2 745 40 9E -3 4 
1. 8043514E— 35 
1.41 82935E-05 


"000 PRESSURE 
8.6073645E-0 1 
4. 93 0 97 5 7 E- 06 
4. l9151 r ''3E- 1 1 
2 * 36 091 19E- 1 2 
2. 2400313E— 34 

3. 592 143 IE— 2 1 

4. 20 3 43 0 2 E— 23 
1.562678 ,_, E- 33 
2. 5997272E-05 


= 100.00000 
1. 3325454E-01 
1. 516765 1E-C7 
7. 656 4288E- 13 
3.3225134E- 14 
6.9900987E-17 
8. 76 3 38 42 E- 19 
7.051629CE-26 
1. 3048514E— 35 
2.130 786'9E- r, 6 


MOLES OF GAS = 

7 . 9 n 35 38 2E-0 5 
4, 076862 6E— 10 
5 . 0324249E— 15 
3 » 434495 3E— 16 
1 . 8459739E— 17 
5. 7291661E— 21 
3.9054106E-28 
7.7 1G4141E-34 
2.3189187E-06 



C/K Mass ratio « 0.01 


0.99358 MOLES OF SOLID = 0. 

!• 1775482E— C8 1 .9754388E-10 
2.5967081 E-18 1 .97624C7E-24 
1 .3630828E-23 7.49Q1259E-29 
7.37312696^28 3 . 1055019E-31 
9 .68 59 759 E- 2 3 ■ 2.7255215E-30 
3.0741256E-35 1 . 8048514E-35 
1.8048514E— 35 1 .8048514E-35 
1.8948514E— 35 3 . 507C426E-03 
1. 10G773CE— 06 4.4357576E-07 


l .0197000E-13 
4. 55 64724 E— 13 
4. 0734947E— 35 
8 • 6495497E-35 
1 * 8826060E— 32 
1.8048514E-35 
1.8046514E-35 
8. 60 048 5 3E- 07 
2.3659863E-11 


0.96643 MOLES OF SOLID = 0. 

1.4186350E-C7 1 . 16 32726E-0 3 
3*0585397 E— 15 2.3275352E-20 
3. 576550 IE— 19 6.4963025E-24 
5.3886169 E— 23 6 .2953872E-26 
4.05776C3E-23 4.2346610E-25 
3.4636286E-29 4.8342890E-32 
1 • 759393 IE— 34 1. 80 48 514E-35 
1.8043514E— 35 3 .683248 IE-04 
1.40 7493 6 £—06 2.9194964E-07. 


2 . 29 42 743 E— 11 
4.1462592E— 11 
2. 3 8 64293 E- 2 9. 
5 .3174676E— 29 
8* 12036 6 OE-2 7 
1.8048514E— 35 
1.8048514E-35 
3.9367661 E— 06 
3. 66 645 5 9E— 10 


0.87848 MOLES OF SOLID = 0. 

1.87O6502E— 06 7. 7548348E-C7 
6.0911 198E-12 2. 8 6 346.0 9E— 16 
1 • 240526 2 E— 14 6.6420082E-19 
6. 5 2 997 2 7E— 18 1 . 6377489E-20 
3 .441 2080E— 13 1 .3120328E- 19 
9.1999974E-23 ' 3.4656346E-25 
3.4036857E-27 4. 14924536-29 
1. 80485146-35 2.8306520E-C5 
1* 74665 8QE—C6 1 . 83 1C327E-07 


6. 1271388 E- 09 
6. 4899291 E—C 9 
1 .37463926- 2 3 
4. 27 257 7 7E— 23 
7. 26 57 170 E- 21 
1 .8381837E— 30 
' 1* 5297840 E— 31 
7. 0939850 E— 07 
6.9904920E— 09 


C-23 



C/I. JvTas-s Ratio =0.01 


TEMPERATURE = 5^00 
3.3507757E-04 
6.6086357E- A 6 
1. 1265296E-06 
9.5493054E-11 
2.6169557E-19 
5.2345628E-19 
4.590949 5E-1 8 
1.3633572E-21 


A 000 PRESSURE 
4.6567537E-01 
2.9463923E-04 
I.nQP936 A E-07 
2.6955793E-08 
2.0 37363 3E-25 
8. 7 1341 6 BE- 16 
3.9641054E-16 
4.72944996-24 


ICO. 00200 MOLES OF GAS = 


5 • 3340 882E- A 1 
6.4797 9C-6E-05 
8 .6 198 543£- r 9 
1.59978C5E-C9 
1.O100332E-12 
8.159 L4C2E-13 
1.8041795E-18 
2.0251741E-26 


1. 3045657E-04 
3. 0128658E— 07 
2; 13338806-10 
4. 22 n 3021E-ll 
1 .7171005E-12 
2.7533 100E- 14 
4. 645409 r E— 21 
7 . 606 1786E-24 


TEMPERATURE = 4 AA 0 
1.6557552E-05 
6.32373006-07 
2 . 89597-09E— C‘6 
4. 16575356-11 
2.36353066-16 
6.40286286-16 
2.7533^936-17 
9* 4266 707 E~ 20 


.0000 PRESSURE 
1 .46-3 0C8 6E— 0 1 
2.8557010E-04 
4.6232874E-07 
1 » 1 75402 8 E—C 7 
1 , B644 4 46E-2 1 
1 • 4871756E— 1 5 
8. 192941 OE- 1 5 
6.3895213E-22 


CO. 00000 MOLES OF GAS = 


8.5307288E-C1 
3 .324371 IE- 04 
1.2280466E-07 
2. 48 5 9883 E-0 8 
1.5306163E-12 
9. 3890605E-12 
7.187 1365E-17 
3 . 6689323E-25 


1.82C94476-05 
1.6172989E-06 
7.9973128E-09 
1.11 1 5085 E— 09 
1. 2469688E-11 
i . 2217929E-12 
2.64823916-20 
7.85401186-22 


TEMPERATURE = 

4 .29437 7 5 E- 03 
1.887071 1E- A 9 
6.C629734E-C7 
2 • 3423 A 62E- 13 
4 • 70 28488 E— 14 
1.46435246-13 
7.3693235E-19 
1.9073362E-20 


PRESSURE 
1.5536383E-02 
3. 1303587E-05 
2. 0526693 E-07 ' 
2 . 3689261E-0 3 
5 . 08 8 40 29 E- 1 8 
1. 2419679E- 17 
l • 3932994E- 1 5 
3 ■ 1678483E- 2 2 


30 n 0.0000 


CO .00000 MOLES OF GAS = 


9.332741 7E— A 1 
4 .331 2578 E- 04 
2 .41963966-07 
3.1298035E-08 
2 . 7377029E- 14 
1. 73244216-12 
2. 929930 7 E- 17 
3.7926958E-27 


1.875 7750E-07 
1 . 56 9 8 44 IE— 06 
5. 9941921 E-08 
2. 43054706-09 
2. 33 643 50 E- 12 
1. 3924507E— 12 
2.5659743E-22 
1.2377630E-22 


C-24 



G/H Mass Ratio = 0. 01 


0.65165 MOLES OF 
1. 749 802 7E- 05 
2.8273409E— 03 
1.25O4697E-09 
2.7626350E-12 
7. 831 5064 E- 13 
1.143I647E-15 
3.3999864E-19 
4. 055003 8E— 25 


SOLID = 0. 

6.1444976E-05 
9.6164557E-12 
2. 42 3771 5 E- 13. 
1. 48 16595E— 14 
1.4151 49 6 £—13 
1.3639900E-17 
2.0660936E-20 


2.9408627E-06 
9.7123759E-C7 
3.3602090E-17 
1.5461797E— 16 
2.8352579E-14 
3.5639690E-21 
4.0477635E-23 


0.53893 MOLES OF SOLID = 0. 

9 • 80 8 92 5 0E— 06 2.1214278E-04 

6 .95 8952 2E— 07 7. 89673C7E-10 


Jo 5O-57443E-08 
1.7386179E-10 
9.73918C8E-12 


.3* 6629294E-11 
1.3334317E— 12 
5.4520029E— 12 


4.4592588E-05 
5 • 1208459E-C7 
.1.5597979E-14 
3 • 69 3 53 3 5 E- 14 
2.7538768E-12 


8.6312213E-14 2. 2480011E-15 1.5645853E-17 
1.256748 IE— 17 . 2. 6955232E-18 9 .2G20074E-22 
1 • 48473 9 2 E— 22 


0.50320 MULES OF 
7.6^840 73E-C7 
6.4964413E-06 
9. 3814895 E— 07 
1.2339516E-09 
3 • 60 6 2749 E— 12 
1.7422415E-13 
2 « 243 5 77 1 E— 1 8 
1.4446206E— 22 


SOLID = 0. 

2.4914457E-04 
3. 1539861 E-08 
1.6133064E— 09 
1 .3 13046 IE— 11 
8.9980317E— 12 
1.2661998E-14 
2. 9502728 E— 18 


4 • 64946 0 5 E— 04 
9.2345099E-C9 
2. 5 6 39 723 E— 12 
1.60C9934E-12 
1 * 612091 7E— 1 1 
1.2005878E-14 
3 . 52375 75E-23 


C-25 



C/H Wass Ratio = 0. 01 


TEMPERATURE = 229", 
1.1615412E-12 - 
9 .53 44442 E— 15 
2 • 23 79? 1 9 E— 1" 
7.3457976E-2P 
4.3759238E-14 
2.9107934E-14 
9 > 1372 375 E— 27 
1.2138362E-28 


n 00" PRESSURE 
5 . 5925766E-0 4 
2. 61933 C IE- C3 
2.3 1201S8E— 19 
l. 3464 86 IE- 12 
8.7040235E-17 
1.7661407E-25 
2 • 624453 3E— 2 2 
7 • 5423266E-30 


199*00000 MOLES OF GAS = 


9.977779CE-01 
1 • 3985943E-0 5 
2.0165758E-C9 
2.4Q27129E-11 
7 .479 1425E-21 
2.1030317E-18 
2.9060942E-23 
1* 80485 14E-3 5 


3. 321 1055 E— 11 
,2. 88 1 7398 E— 08 
3. 365641 IE-99 
3.81 1936 2E — 12 
1.9253544E-17 
2* 422 63 59 E— 17 
1. 163026CE-31 
8* 8743274E— 32 


TEMPERATURE = 1690 
7.7441283E-2C 
1.0259454E-23 
1.8939203E-17 
5.0692459E-32 
5. 5847639E-17 
7 • 088008 5E-19 
l • 80485 14E-35 
1.8048514E-35 


'9 n PRESSURE 
5.4256239E-06 
2. 6939717E-14 
1.C472591E-16 
1. 531371 IE- 21 
3.3769654E-1S 
1.8048514E-35 
l .30 485 14E— 3 5 
1.8948514E-35 


ICO. 09000 MOLES OF GAS = 


9.9331367E-P1 
3 . 725 2 741 E— 99 
1.4212426E-14 
1. 0947448 E— 18 
7 . 7857236E— 34 
3.676192 IE— 3 1 
1. 8048514E-35 
1.8C48514E-35 


2 • 988 24 13 E— 17 
3.3355613E-12 
3.6495553E— 13 
4. 7164741c— 19 
2. 6595276E— 28 
1.0213 850E-28 
1.8P48514E-35 
1.8043514E— 35 


C-26 



C/H J/ass 3atio = 0.01 


0,49891 MOLES OF SOLID = 0. 

2.3949749E-C9 3 , 7793360E-C5 1 ,60821428-0-3 ' 

3.1C414C8E-06 1 . 1600413E-07 8 .9S52028E-I4 

1,0769158 E- 07 1 . 1C93 154E-09 1 . 1 134337E-11 

l, 0390773E— 1 I 1.7483517E-13 1 .612O570E-13 

8,2881525 E— 17 1 .5306939E-15 1.6731324E-14 

6,422701 8 E— 18 2 .0 109531E-18 2 .2448304E-15 

7.3310934E-26 1 . 2717935E-24 1.8889580E-32 

1.3787147E-30 


0,49874 MOLES OF SOLID = 0, 

1,27206 15E— 13 4.7353500E-07 
3 o 670 53 9 n E— 08 2.7012794E-ra 
3.4056648E-11 4. 5206299E- 12 
1.4499603E-17 5,C499288E~19 
5 » 4739495 E- 2 7 l , 5596434E-24 
1,4015849E— 28 3 . 6281402E-23 
1.8048514E— 35 . 1.8048514E-35 
1,8048 5 14E— 35 


1.6808171E-03 
3 ,9 33 263 2E— 23 
6 .6952511E— 13 
8.1177243E-;13 
2 ,296527 7E- 2 2 
9 ,24507846—21 
1 ,80485 14E— 35 


C-27 



C/H Mass Ratio = 0.01 


TEMPERATURE 

8. 2834570 E- 04 
1 • 23 46 54 IE- 07 
6 . 597606 2E- 13 
6.2259957E-17 
i • 5992 13 5E-3'2 
4 .2732 44 5E- 34 
1 .146445 5E-3" 
1.804B514E-35 
1.7721129E-C7 
5.9848639E-l r * 


TEMPERATURE = 30^0 
8.37* 7048E-^-4 
8.12 4371E-07 
2* 17L0351E-10 
2. 1376641E-14 
3 • 6823439E-26 
2.2289624E-27 
6 . 1737795E-26 
1.3073802E-32 
4.7713485E-08 
2.1326639E-09 


TEMPERATURE * 6590 
.7 • 094S445E-04 
4.942^9508-06 
6 *20 82561 E- 08 
7* 5086 60S E- 12 
1 .7381719E-2 n 
3.1187488E-21 
9.36‘56874E-21 
3 .16 5 0200 E- 2 5 
8.9670500E-09 
5.9653 1P5E-C 9 


000 A PRESSURE 
9.4952e35E-">l 
' 4.5609376E— 06 

1. 99791 r 2E— 1 4 

1.78916576-16 
1 • SC485 14E-35 
7.0242813E-26 
1 . 576 n l 09E-3 n 
1. 30 48514E-3 5 
X.5335O20E-03 


509. 00090 MOLES OF GAS = 


4. 62 3 4908 E-0 2 
4.2O09102E—l A 
1.2362597E-16 
5.8304006E-19 
1.6643521E-21 
3.8726692E-25 
2® 1 947504E-33 
1.8048514E-35 
1 .342 2703E— 0 4 


3.67C7156E-05 
1. 1766248E-12 
4. 21 04930 E— 19 
4, 6965024 E— 21 
9. 7775751E— 23 
3. 8798914E-28 
4.9270396E— 35 
1. 8048514E— 35 
i. 3723 538E-04 


0009 PRESSURE 
8 • 5922246E-0 1 
2 • 894427 5E- 06 
l .47428 5 5E- 1 1 
3 . 3791590E-1 3 
7.8996775E-34 
5.34^22856-22 
1. 2167320E-24 
3.081 8393E-35 
1.48 33564E-04 


= 5C0. 09000 
1.394521 1 E- p l 
5. 899522 7E-08 
3. 28007 18E- 13 
4. 6 1090 HE- 15 
4.9176560E-18 
4 . 0603077E— 20 
3.8403023E— 27 
1.8048514E-35 
2.7398004E-05 


MOLES OF GAS = 

1 • 045 2993 E— 04 
3.5854945E-19 
3. 21 26769E- 15 
8. 8522285E— 17 
1. 38O0617E— 18 
3.20576466-22 
9. 76303726-39 
1. 8048514E— 35 
2. 5874475 E-05 


^000 PRESSURE 
6. 2933735E-0 1 
6. 1 4982 43E-0 5 
7.3929947E— 09 
6.1 r, 54066E-l n 
5. 55849 2 OF— 27 
3. 5286622E-1 8 
6. 29 976 9 9E- 19 
l. 46 / '4613E-27 
7.78281316-96 


= 5 0'J • 000C0 

3 .6955 24 IE- Oi 

6.9 1 562 50 t— 06 
5 .2708520E— 19 
2.584°221 E-ll 
1.679931 3E— 14 
3. 189053 5E— 15 
3.8636097E-21 
4.-3936015E-30 
3.8059278E-96 


MOLES OF GAS = 

2 » 3866738 E— 04 
6. 7955 151E— 08 
1. 2665287E— L 1 
9.7659750E-13 
1. 6219216E— 14 
7 . 69041226-17 
6. 6124508E—24 
8. L409999E-28 
2. 5 3 79 13 IE— 06 


G-28 



C/I 


I'<fas9 I?alio = 0. 01 


0.95704 MOLES OF 
2*7312799 E- 07 
6.98502466-15 
8.7965633E-19 
4.885C241E— 23 
1 .362920 9 E— 23 
1 .0377 57 6E-29 
1.8048514E-35 
1.8048514E-35 
1. 1261495 E— 05 


SOLID = 0. 

2.2 149966E— 0 8 
1.2422438E-19 
2 . 3366358E-23 
9.9462117E-26 
1. 8539090 E- 25 
2.3705091E-32 
1. 8048514E-35 
1 . 548 9 456 E— 03 
9. 6378241 E— 07 


5. 5269063E— 1 1 
1. 1139454E-11 
2 .9695528E— 28 
1. 3391552 E— 28 
6 • 190 260 4 E— 27 
1.8048514E-35 
1.8048514E-35 
3.86565416-07 
1 .20 12841E-09 


0.87761 MOLES OF 
2. 8145939 E— 06 
6. 01968826-12 
1. 5657863E— 14 
2. 63 83814 E- 18 
4.9823259E-19 
9.4598558E-24 
6 .0103691 E-2 9 
1.8048514E— 35 
1.1451413E-C5 


SOLID = 0. 

1.0292815E-06 
9.111 1 146E— 16 
1 • 2683575E-1 8 
1.3746446E-20 
2. 3 18 8 45 7 E— 20 
5.8883485E-26 
9 • 049 7 68 7 E- 31 
1.6062033E-04 
5.9567040E— 07 


9.0532689E-09 
1. 0289329 E— 09 
9.26699 14E— 23 
5.1782126E-23 
L.9830620E-21 
3. 0 3494 82 E— 31 
1.5454668E— 33 
1.80 10686E-06 
1.4878515E-08 


0.72988 MOLES OF 
2.0651306E— 05 
3.7117337E— 09 
1.1413708E-19 
6.7874599E- 14 
1* 1053464E- 14 
4.4618639E— 18 
2 » 10682 55 E- 22 
3. 1674141E— 29 
6. 9884880 E—C6 


SOLID = 0. 

3. 12S7587E— 05 
2 • 33204 89 E— 12 
2.2341065E-14 
6. 2233840E-16 
1.5406916E-15 
6 . 1 446 22 7 E— 20 
9. 3852556 E— 24 
1.4071013E— 05 
2 .26393 n 5E— 07 


9.0402203E-07 
•9.1441797E-08 
6. 1 7 95 8 90 E— 18 
5.93543576-18 
3.1191227E-16 
4.3557997E— 24 
1 . 06 975 45 E- 26 
2.3992420E-C7 
1.1551579E-07 


C-29 



C/I’ Ivlaas TaLio = 0. 01 


TEMPERATURE = 5000. nnoo PRESSURE 


8 • 98460 C5E — 05 
2.3756338E-06 
1 • 441 2359E-06 
6.1701463E-11 
4* 1692424E-16 
1.5866439E-16 
7.1481940E-18 - 
1 . 0128442E— 29 


2. 4723244 E~ 91 
2.81 155386-04 
3.39931inE-37 
4. 623 46 91 E- 98 
2 . 287251 6E-2 1 
1 . n 125305E-15 
1.*>384420E-15 
9.3268694E-23 


509.09000 MOLES OF GAS = 


7.5 175 20 OE— 9 1 
1.6414292E-04 
7.7709941E-08 
7.2429966E-C9 
8.749 490 IE- 13 
2*51539936-12 
1.9795100E-17 
7 .5984749E— 26 


•9. 2356 342E— 05 
2.0259708E-06 
5.1955046E-09 
5. 1 A 08629£-19 
3. 9485271E-12 
2 • 2532 523E- 13 
9.6970878E-21 
7*57569796-23 


TEMPERATURE = 4900.0900 PRESSURE 


3 • 0449376E- A 6 
1 . 0686672E-07 
.1.0506534E-06 
5. 94842 20 E- 12 
2.9873170E-14 
1 .363831 5E-14 
3 .0542240E-18 
2.0631953E-20 


6. 31 96478E-02 
l. 127089 7E-04 
3 • 917353 5 E- 3 7 
3.9 19868 5E-0 8 
1 • 2853540E-18 
1.7943603E-16 
2. 1221839E-1 5 
3. 2660fs22E-22 


500 .30000 MOLES OF GAS = 


9.3961324E-01 

3 • 9 64 7643 E— 04 
2*430 1502E-97 
1.9362452E-08 
2.0999653E-13 
2. 7866269F-12 
4.3478633E-17 
3. L605664E-26 


7. 8184900E— 06 
3.4816811 E— 96 
3. 69 69584 E- 03 
2.021 3570E-09 
3 . 8226 10 n E~12 
8.04C7764E-13 
2.6998747E-21 
l.ssolsigE-zz 


TEMPERATURE = 

4* 2112072 E- 09 
9 • C734249E— 1 1 
3»2094629E-08 
2.7081473E-15 
3 *512320 4E— 13 
1.0639598E-13 
1.0042957E-21 
1.40329L9£-23 


PRESSURE 

6 • 97 697 6 6 E- 9 3 
3. 3 79 5900 E- 06 
2.4397935E-08 
6. 1435697E— 10 
1.9159712E-16 
3.4514309E-20 
4. 2628225E-18 
5. 23187436-25 


3060.9090 


509.00000 MOLES OF GAS = 


9.9 146880E-01 
1.9499561E-04 
6.457 6 124E— 08 
1.8240089E-09 
1.5516681E- 16 
1.08102236-14 
2.0127325E-19 
6.0917637E-31 


4. 1302297E-03 
3 . 5447 839 E— 07 
3.5920214E-08 
3. 18C5423E-19 
2. 973402 6 E~ 14 
1. 9509369E— 14 
1.7143264E-25 
4. 463961 8E-26 


C-30 



C/H Mass Ratio = 0.01 


0.57010 MOLES OF 
3.3061829E-05 
5.0468868E-07 
7.9439959E— C-3 
8 * 8637 12 7E— 11 
4.78 f '538 IE- 12 
2.4834517E-14 


SOLID = 0. 

3.0818851 E— 04 
1 o 20 9608 9E— 09 
4.0873784 E— li- 
lt 26 19227E- 12 
2.2931159E-12 
7. 8659316E— 16 


3 .9 1 55 867E-0 5 
4.6808605E- r *7 
3 .993 0387 E— 14 
3 .49571 97 E— 14 
1 • 2 195744E— 12 
1.4482957E-18 


1 • 88402 3 9 E— 18 3.0391456E-19 1. 1 328068E-22 

1.072 II 13E—23 


0.51698 MOLES OF 
9 • 8 36 1249 E— 06 
3.4987981E— C6 

8 a 1014895 E— 07 

7 ® 386 i 546E— 10 
6.9727356E-12 
1.3266276E— 13 
2.9923392E-18 
6.976361 6E— 23 


SOLID = 0. 

4. 9 68 2949 E— 04 
2. 1655855E— 08 
...9 .23370 6 IE- 10 
1. 3230053E— 11 
9.1161915 E— 12 
8.0695642E-15 
1.4989338E— 1 8 


2 .439Q360E— 04 
7. 954 82 08 E- 08 
2.1447122E— 12 
9 .022172 5E-13 
1.07542C3E-11 
3 .0634146E- 16 
8.6235999E-23 


0.50067 MOLES OF 
3. 7616170E— 07 
7.9 39 7568 E— 06 
1. 2623 133 E— 06 
3.6253252 E- 10 
1 .03049 56 E— 13 
5.4809905E— 15 
3*3656559 E— 21 
, 1 • 1698352E— 2 5 


SOLID = 0. 

2.7657914E— 04 
1. 94 34 150 E— 07 
4. 874 1 580 E— 09 
8 • 66 26 67 4E— 12 
5.7732761 E— 1 3 
8.9441779E— 16 
9. 9375046 E— 21 


1.1589316E-C3 
2. 1 7 70 743 E- 10 
3.9054416E-11 
- 2.3716385E-12 
2.3224759E— 12 
4.2756930E— 15 
1.1543140E-26 


C-31 



C lb. taass Ratio = 0. 01 


TEMPERATURE = 

4 • 79 56 96 3E— 14 
8.1264189E-17 
8.8927833F-13 
2 *668 1567E-23 
9.9457314E-15 
2.7306612E-16 
2.91980536-32 
3.6967796E-35 


PRESSURE 
2.5014427E-04 
4*97563235-10 
2*^346037E-12 
1 • 0937770E- 1 5 
9 • 89428485-17 
2.7333753E-30 
1 • 9755430E-27 
1.3048514E-35 


2200.0000 


500.00000 MOLES OF GAS = 


9.980792CE— 01 
5.962C164E-T 7 
3.9687360 E- 11 
4* 364928 7E— 14 
5.603L18OE-25 
7 • 2802579E-23 
3.2361798E-28 
1.8C48514E-35 


3. 0665375E— 12 
2. 7472817E-09 
1.4813369E-10 
1 . 548 7100E- 14 
3 * 229520 IE— 21 
1.8755917E— 21 
1. 3048514E— 35 
1.8048514E-35 


TEMPERATURE = 1600.^000 PRESSURE 


3.G982479E-21 
8.21070 92 E-26 
6.77979236-20 
1.8048514E-35 
1 • 1178202E- 17 
5 *67589246-2 1 
1*80485146-35 
1 *80435146-35 


2.426416 IE- 06 
4.8299276E-16 
8.3828917E-19 
1.^9660346-24 
3.37 86953E- 1 8 
1.80 A8514E— 35 
1.8048514E-35 
1. 80485 14 E- 3 5 


5C0.000QC MOLES OF GAS = 


9.9831629E-01 
1.4906845E-10 
2*54386316- 16 
1.7529417E— 21 
1.8048 514E— 35 
1.8C485146-35 
1.8048514E— 35 
1.3048514E— 35 


2. 6732791E— 18 
2. 9845691 E— 13 
1 .46C6688E— 14 
1.6887 193E— 2 i 
3. 8096 6 23 E— 32 
1. 1673458E— 32 
1. 8048514E— 35 
1. 8048514E-35 


C-32 



C/I. Mass Ratio = 0.01 


0.49831 MOLES. OF SOLID = 0. 

4*945558 7E— 10 1 .7453335E-05 
6.6182033E-07 1 . 2369982E-07 
1.C600251E-C3 2. 44 19 58 2 E— 19 
9 • 44 10585 E— 14 3 . 5526287E- 15 
3 • 1082837E— 20 1 .2838055E-18 
1.1129294E-21 7*73 66 177 E— 22 
1.081 54 19 £—31 4.1960557E— 30 
l .89485 14E-35 


1.66 0945 7E-03 
1. 58095 52E-16 
1 . 2258 700 E- 1 1 
7.32 57146E-15 
3.1382647E— 17 
4.3473 843 E— 18 
1.80485 14E— 35 


0.49874 MOLES OF SOLID = 0. 

2. 54461 7 9E— 14 2. 1 1 81264E-07 1 .631 1477E-03 
7 .343 92 7 6 E— 09 2. 7023346E-C8 6.2968403E-26 
3.0478887E-12 9.0465251E-13 6.6991647E- 13 
1* 16C8635E— 19 9.0405675E-21 3.2495987E-19 
1 • 75 3 3449 E- 30 1 . 1 170643E-27 3 .6779848E-25 
2.0081024E— 32 1. 1623386E-31 1.4809203E-23 
1.8048514E-35 1 . 8048514E-35 1 .8048514E-35 
1.8048514E— 35 


C-33 



G/H Mass Ratio = 0. 01 


TEMPERATURE =10R^0 
8.04537455-04 
2 o 3294^2 9E-37 
4.6417027E-12 
4 . 432 3 S 50 E— 16 
2 .099667 3E-29 
2 • 9574 183E-3 1 
..5. 98241 n 8E-29 
• 1.8048514E-35 
2.4068686E-07 
1.5789919E-09 


TEMPERATURE = 80^0 
8 .0693425E- n 4 
1.5090769E-06- 
1.40 43750 E- 09 
1.4761362E-13 
2 . 7925 5 85E-23 
1 .0066 109E-24 
3 .0542 176E-24 
4. 3246064E-30 
6. 527117 0£ -08 
5.6241499E-09 


TEMPERATURE = 6500 
5.32072785— r '4 
5»55901 n 2E— °6 
1 *70157175-07 
1 .9009508E-11 
2. 1339465E-18 
2.1759944E-19 
7.99681045-2^ 

9 . 876573 LE -2 4. 
1 .0660 140E-C8 
1.06366415-08 


PRESSURE 
9. 1 139123E-0 1 
L.6518872E-05 
2 • 6983226E- 1 3 
2. 445153 3E- 1 5 
1. 80 48514E-35 
1.8869473E-24 
1 . 5787323E-2 8 
1.80 485 14E~ 3 5 
1. 0525795E-03 


= 1 CCO .<">0000 

8.5191032E-O2 
2.9207648E-C9 
3.2051937E-15 
1. 52961 03E— 17 
2.3 n l6464E-20 
l ,997078 6E- 23 
4. 2204785E— 3 1 
1 • 3 04851 4E-3 5 
1.8016204E-C4 


MOLES OF GAS = 

6. 8440 368 E-0 5 
1.570428OE-H 
2.0955861E-17 
2.3652858E-19 
2.595681 5E-2 1 
8. 7906153E— 26 
4.9942833E— 33 
1.8948514E— 35 
1.808 27 14E-04 


0000 PRESSURE 
7 .72963 77E-01 
9. 6767037 E- 06 
1. 7095697E-10 
4. 1983808E-1 2 
1 . 9 3936 23 E- 30 
1 • 37<">4245E-20 
1. r 830058E-22 
1.8341753E-32 
9. 40 2 55 3 6 E-0 5 


= 1000.00000 
2.2571380E-01 
3.5432757E-07 
6. 34 3 4469 E— 12 
1 .0307310E-13 
6. 5 46 3498 E- 17 
i. 8747379E— 18 
• 6. 150173 7E-25 
5.5757297E-35 
3.498091 8E- n 5 


MOLES OF GAS = 

1.8128 56 E-04 
3. 8804895E-09 
1.2059928E-13 
3. 5603975E-15 
3 . 3 05 4 1 43 E— 17 
2 • 663 1730 E-20 
9. 3108356E-28 
3. 5431696E-33 
2.9509251 E— 05 


9000 PRESSURE 
5.11 198 5 LE-0 1 
1. 1237399E-04 
3.5144579E-08 
2.5098323E-09 
1.3C09980E-24 
4. 855119 5E-1 7 
8. 738519 9 E- 18 
7. 4038172E-26 
3.9830230E-06 


= 1000.00000 
4 .37661 1 9E-0 1 
2.0 530047E-05 
3.8127083E— 09 
1. 725723CE- 10 
6 • 3762497E- 14 
2.9 409 62 3E- 14 
8.7064801E-20 
1. 2653207E-28 
4.399468 6E— '"'S 


MOLES OF GAS = 

2. 907 7517E— 04 
3. 2773C60E— 07 
1. 4883456E— 10 
1.^5946515-11 
1 .00006165—13 
1. 14I9C08E-15 
8. 4683 33 1 E-2 3 
3.8103 1 16 E— 26 
2.1 126848E— 06 


034 



C/I.’ Mass Hatio = G. 01 


0.92213 MOLES OF 
•• 9.7758541E-07 
1. 7 89 67 8 2 E- 13 
8 .404493 2E— 1 7 
4.7228360E— 21 
6. 94 5 7349 E— 22 
1 *972 123QE— 27 
2.0879G99E-33 
1.8048514E-35 
2.8485280E-C5 


SOLID = 0. 

1 .5219082E-07 
1 .1729182E-17 
4 • 2856491 E-2 1 
1 . 8459525E— 23 
1.8136873E-23 
8.6478312E-30 
1.8048514E— 35 
1 .083° 103E-03 
1. 285C328E— 06 


7.2899495E-10 
4.0825157E— 11 
2.0071073E— 25 
4.771 1228E— 26 
l. 1625461E— 24 
I.8048514E-35 
1.8048514E— 35 
2.68491926-07 
5 .90 248 33 E- 09 


0.81571 MOLES OF 
8.7823882E-06 
1 . 1721894E— 10 
1.0575398E— 12 
1 .909 280 7E- 16 
2. 147 0673 E- 17 
1.4139642E— 21 
1.0313141 E— 26 
8 .3 56 459 IE— 35 
2.3498063E-05 


SOLID = 0. 

5 .7 7 8 52 96 E- 06 
5.7433826E-14 
1 . 5413162E-16 
1 • 7898183E— 1 8 
1 .7979 26 5 E— 18 
1 . 583557 IE— 23 
2. 79 39 166 E— 28 
1.1397943E-04 
7.2788134E-07 


9 • 1448143E— C 8 
3.6856974E— 09 
3.6455402E-2C 
1 » 2 1306 63 E— 20 
2.7664453E— 19 
2 .68493 6 6 E-2 8 
2.8413074E-31 
1.2232028E-C6 
5.8855461E-G8 


0.67174 MOLES OF 
4. 0 8740 6 5 E- 05 
2.908D873E-03 
• 2* 17897 1 8E-09 

1.1963390E-12 
1. 1072138E— 13 
1.C890405E— 16 
4.3 83 2884 E— 21 
2.4083988 E- 27 
9 • 450 9 70 3 E- 06 


SOLID = 0. 

1.0C63458E-04 
4. 8221467E-1 1 
6.9289041E— 13 
1. 782007 8E— 14 
2.5071761E— 14 
2.4364532E-18 
3.1735028E-22 
1 • 115271 l E-05 
1 .7399720 E-07 


4. 7222776 E— 06 
1. 54272 75E—C7 
5.058156SE- 16 
2.7610345E-16 
8.2458907E-15 
4. 5583 030 E— 22 
2.0548397E-25 
1 • 1350557E-07 
2. 34 31099 E-07 


C-35 



C/I. h;ass Ratio = 0.01 


TEMPERATURE = 50 n Q 
4.49625586-05 
1.1S99347E-06 
1 .<*650'U0E-P6 
■3.0959533E-11 
4 . 661677.2E- 1 5 
8 • 1724327E-16 
3 .59618576- 18 
7.5240343E-21 


n 900 PRESSURE 
1.3221064E-01 
2. 075769 7 E- 9 4 
3 • 702578 IE-97 
3.419521 IE-38 
5. 5 5 6421 IE— 20 
5 . 3894563E— 1 6 
1.2149972E-15 
1.0212748E-22 


10CC .CC000 
8.1 665977E— C 1 
1.786295 IE— r 4 
1. 24763 69 E— 07- 
7 .8961211E— n 9 
4. 394^3756-13 
1 . 8636684E- 12 
2. 163716 IE— 1 7 
3. 332S202E— 26 


MOLES OF GAS = 

6. 8495510 E— 05 
3. 2498441 E-06 
1.2O82269E-08 
8. 1966721 E- 10 
2. 9229031E-12 
2.4607626E— 13 
4. 8828005E— 21 
5. 6326538E— 23 


TEMPERATURE = 4000 
1 .2835649E-06 
3.8002896E-08 
4 .502 0773 E- 07 
1 • 50 4 4585 E— 12 
1. 3124360E-13 
2 .475 1702E-14 
4.6332445E-19 
3. 1805852E-21 


.0900 PRESSU-RE 
4.872021 7E-02 
5 • 72677 23E-0 5 
'2.39841 04E— 07 
. 1.4165345E-08 
1 . 1528522E— 1 7 
3. 2 2769 3 IE- 17 
4.59985945-16 
7.1940064E-23 


1000.00000 MOLES OF GAS = 


9.4993476E-°1 
2 • 2249787E— C4 
.2. 12589 13E-P7 
‘9. 997542 OE-r-9 
4. 23 5 2 373 E- 14 
7.1 6207C9E— 13 
1.3465257E— 17 
2.8757873E-27 


4. 7105570 E— 06 
3. 6115613E-06 
4.61981C9E— 03 
1. 49 16281 E— 09 
1. 1649733E— 12 
2. 952 3066E-13 
3. 45406 5 OE— 22 
2. 0542 92 IE— 23 


TEMPERATURE = 30^0 
1.2301635E-09 
1 .5485093E-11 
4 .5300 710 £-09 
1.5775650E-16 
3.2995960E— 13 
2.91 4^ 347 E- 14 
1. 1665332E-23 
7.8765623E-26 


!00 PRESSURE 
4.9333427E-03 
3. 1648941 E- 97 
4.8749413E-C9- 
5 .°702945E- 1 1 
3.6069778E-16 
6.8625623E-22 
7.0099650E— 20 
4. 157103 7E— 27 


= 1000.00000 
9 . 9342930E-0 1 
3.5908855E-05 
1.82655386-08 
2 • 1292675E— 10 
5.2808029E- 18 
3 .042750 7E- 16 
4.68553076-21 
1.41115756-33 


MOLES OF GAS = 

1. 7079471E-08 
4.1369^38E— 07 
1 . 43 8 2 79 9 E— 08 
5. 2559162 E-ll 
1.4325145E-15 
7. 7735308E-16 
1. 1634655E-27 
1 • 4633560E— 28 


C-36 



G/H Mass Ratio = 0.01 


0.54956 MOLES OF 
3. 59480 79 E-05 
1. 1933043E-H6 
2.7710362E-07 
2 « 0994608 E— 10 
5.2 1620 17E- 12 
3.9977368E— 14 
1.3983396E-18 
- 1.1749746E-23 


SOLID = 0. 

4.9392782E-04 
6.2139690E-09 
2.1016057E-10 
4. 405 7825 E- 12 
3 • 68 80 94 2E— 12 
1.8664090E-15 
' 3. 3248 314 E— 19 


9. 25001 07E-05 
2 .34661 77 E— 07 
4.4607357 E— 13 
1 .7989756E— 13 
2 .89 12283E-12 
7.4663832E— 18 
5 .7090753E— 23 


0.51168 MOLES OF SOLID = 0. 

8.467413 IE— 06 6. 1 109354E-Q4 

5. 1 8 56394 E— 06 6.5525915E-08 


A..4468632E-C6 
7 .7858483E— 10 
3.0362580E— 12 
6. 960865 6 E- 14 
5. 469843 9 E— 19 
1 « 295 9 08 8 E— 23 


2. 3562202 E-09 
1 . 9926286E— 1 1 
5 • 671862 8 E— 12 
6.0 49 8074 E- 15 
3.9149263E-19 


4. 2 8 646 6 8 E- 04 
2.38 5649 8E-C8 
1.1172343E-11 
1.9415703E-12 
9.5602261E-1 2 
4 .6 886 895 E— 16 
9.3041749E-24 


0.50007 MOLES OF 
■ 2. 2020071 E- 07 
5 « 441 5 8 64 E— 06 
7.1550918E-07 
8 .4808 190 E- 11 
7.C280562E- 15 
3.0915633E-16 
3.2335 108E-23 
5.43C5713E-28 


SOLID = 0. 

2 .29 196 2 7E— 94 
2..6691426E-07 
3.9 l 10355 E— 09 
2.8 68 7079 E- 12 
5. 5738594E— 14 
7.1417276E-17 
1.35153H1E-22 


1.35953 34 E-C3 
2 • 1707096'E— 1 1 
6. 279 8643 E— 11 
i. I 1180 13 E— 12 
3. 1741560E-13 
6 .8 4 159 44 E- 16 
4. 5768 71 5 E— 29 


C-37 



TEMPERATURE = 2290.9030 PRESSURE 
1.20353S5E-14 1 . 763 8 5 l 3 E-04 

1 » 02372 1 6E-17 3. 8646439E-1 1 

7.8729745E-14 2.5732373E-13 

8.46849O0E-25 4 . 90970 1 5E-1 7 

5 . C-5 21646E— 1 5 1 . 005 2736E- 1 6 

3 .480995 IE- 17 2. 1861734E-32 

1.1719738E-34 1 . 0646S1 8E-2 9 

1.8043514E-35 1. 8C48514E-3 5 


TEMPERATURE = 1690 .0900 PRESSURE 
7 .745933 8E- 22 1.7157357E-06 

1.0264223E-26 8.5338762E-17 

5.9932965E-21 1.0479919E-19 

1.8048514E— 35 4 . 3471 2 83E-26 

5.5900258E— 18 3.3792512E-1 8 

7.0963169E-22 1.8048514E-35 

1.8043514E-35 1.3048514E-35 

1.8048514E— 35 1.8048514E-35 


=1000.00000 MOLES OF GAS = 
9.9814254E— 91 1 . 98844 19E- 12 

1.5022323E-97 9. 7893908E-1C 

7 .0987661E- 12 3 . 747273CE-1 1 

2 .77 09 833 E- 15 1 . 399456 1 E- 15 

8.9344646E-27 7. 2764542E-23 

8.2334920E— 25 2 . 9993949E-23 

2.5740201E— 39 1. 8048514E-35 

1.8048514E-35 1. 8048514E-35 


=1000.09000 MOLES OF GAS = 
9.9831676E— 9 l 9 . 4518495E-19 

3.7270170E-11 - 1 .9552918E-13 

4. 4975 1 79 E- 17 3 . 65 2 124;6E^15 

1 . 095 7662 E- 22 1 . 492 3777E-22 

1.8943514E— 35 S.4199482E-34 

1 .8948 514E— 35 1.82443195-34 

1.8948514E— 35 1. 8048514E-35 

.1.8048 5 14E— 35 1. 8048 514E-35 


C-38 



C/Ii Mass Ratio = 0.01 


0.49879 MOLES OF SOLID = 0. 

2. 48 2 5789 E- 10 1.2390727E-P5 1 .6676486E-03 
3. 33538C5E-07 1.2469120E-^7 9 .9967289E-18 
3.7923471E-C9 1 .2355516E-10 1.2405908E-11 
1 .1987767E-14 6.37S6768E-16 1 .8604974E-15 
9 » 9045 26 8 E— 22 5.7855244E-20 2.0001543E-18 
2.5154476E-23 2 .49 1030BE-23 2 .7817593E-19 
3.0817326E— 34 1. 6909208E-32 1 .80485 14E-35 
1.8048 5 14E-35 


0.49874 MOLES OF SOLID = 0. 

1* 27236146—14 1 .4978039E-07 1.6812179E-03 
3.67226676-09 2 .7025594E-08 3.9360056E-27 
1.0777263E— 12 4.5238234E-13 6 .7000017E- 13 
1.451 3 15 3E— 20 1 . 5984250E-2 1 8 . 125345CE-20 
5 . 480 33 9 5 E— 32 4.9377643E-29 2.2992140E-26 
4 o 438 4 39 8 E— 34 3 .6332209E-33 9.2580646E-25 
1. 8048514E-35 1.8048514E-35 1 .8048514E-35 
1.8048514E— 35 


C-39 



G/H Mass Ratio = 0.05 


TEMPERATURE =10000 
4. 1503653E-03 
6. 19904326-07 
6.8439591E-13 
3. 139046 IE— 16 
1.80485146-35 
1 • 80485 L4E-35 
5.8164311E-30 
I.8048514E-35 
4.0167965E-C7 
1.3593700E-09 


TEMPERATURE = 8000 
4.1711634E-^3 
4 .03 2268 5E— 06 
2.4093236E-10 
1.0539079E-13 
1.1295793E-30 
1.3642243E-30 
3.01 185 13E— 25 
1.41 53796E-32 
1. 1120618E-C7 
4.9531734E— 09 


TEMPERATURE = 65^0 
4.07066 17E— 03 
3. 253759 IE— 05 
1.2788236E-07 
6.5094915E-11 
4.60259326-24 
1.2747036E-23 
1.2268027E-19 
1 .4884422E— 24 
2 .2132963E- n 8 


0000 PRESSURE 
9,78646356-31 
4. 721 3 944 E- 06 
4. 273 0067E- 1 5 
1. 859842 8E-16 
1 • 8C485 14E— 3 5 
3. 55631 57E-25 
1.64353736-3^ 
1.8048514E-35 
3 . 494515 1 E-0 3 


1CO.COOOC . MOLES OF GAS = 


9.32682426-^3 
8.9659463E-11 
5. 451 3466E- 1 8 
1.2495702E— 19 
' 8. 40 38 978 £—2 1 
4.0424569E-25 
4. 7332768 E— 34 
1.8048514E-35 
6.25965846-05 


3.7919448E-05 
5. 1775870E-14 
3 • 827933 2E-21 
2.07526336-22 
1.0185013E-22 
1.91 10835E-28 
2.5049196E-34 
1.8^485146-35 
6.44770776-05 


0000 PRESSURE 
9 .6 0 100 3 3 E-0 1 
'3. 211 5914E-06 
3. 642951 9E-12 
3 • 723 1702E- 13 
t.8 n 48514E-35 
2.61438496-21 
1.32653666-24 
1.3048514E-35 
3. 5433332E— 04 


= ICG .00000 
3.43233716-02 
1.46G6714S— C 8 
1.3 113 25 3 E— 14 
1.1353541E-15 
2.4159876E— 17 
4.4423207E-20 
9. 35606916-28 
1.80485146-35 
1.4321033E-0 5 


MOLES OF GAS = 

1.1639248E-04 
1 . 9 369595 E— 11 
3 • 96479 7 2 E— 17 
4. 8712360E— 18 
i • 51 52207E-18 
7. 8383276E-23 
4. 746143 8 E- 29 
1. 80485146-35 
1.3812718E-05 


OOon PRESSURE 
8.579655 IE-01 
1. 1039598E-04 
4. 433032 8 E-0 9 
1.443 1440 E-0 5 
1.0941875E-31 
9. 73 562 2 4 E- 17 
2.2499666E-18 
1 . 3726727E-27 
2. 466 35 19 E-0 5 


= ICO. 00000 

1. 37365816—01 
3 .384841 6E— 06 
8.0715375E— 11 
1.6653577E-1 1 
1.67122606-13 
9. 3976879E— 15 
3.76236696-21 
8.6958519b— 29 
2.2315776E-06 


MOLES OF GAS = 

3 • 7336 322 E— 04 
9. 0687 153E-09 
5. 288188 OE— 13 
1. 715945 IE— 13 
4* 3992336E— 14 
6. 4498969E— 17 
9.9391627E-23 
4. 3931 997E— 27 
2. 19236786-06 



G/i Mass Ilatio = 0. 05 


0.99360 MOLES OF 
5 o8172022E-C8 
6 .337 1599E- 17 
1.6488483E-21 
4.45C4319E-25 
2. 9271C 22E-24 
4® 604724 7E- 31 
1 o 8048514E-35 
1.8048514E-35 
1.0908677E-06 


SOLID = 0. 

9. 726 52 7 8 E— 10 
4.79C7814E-23 
9.0301567E-27 
1 ®868 229 IE-28 
8. 209C296E— 27 
2® 168635 7E— 34 
1.8048514E-35 
3 • 503565 3 E- 03 
2.2008291E-06 


5.C038416E-13 
5.6046438E-11 
4.8783070E-33 
5. 1860839E— 32 
5.6513153E-29 
1.8C48514E-35 
1.8048514E-3S 
4.2814771E-C6 
1.1660749E-10 


0.96656 MOLES OF 
7 .003918 6E- 07 
7 .455 1244E— 14 
4.3184426E- 17 
3. 24462 85 E— 20 
1. 2225048 E— 19 
5 • 169 1 2 89 E— 25 
6® 529783 6E— 29 
1.8048514E-35 
1.3661801 E- 06 


SOLID '= 0. 

5.724C117E-C8 
■ 5.6355237E-19 
7.8 176751 E— 2 2 
3.777973CE-23 
1 . 271 5445 E— 2 1 
7. 1906340 E-28 
2.1972323E— 31 
3.7567729E— C4 
1 .41790 11 E— 06 


1.1251561E— 10 
5 .09069 16E— C9 
2.8527044E-27 
3.1 8045 88 E— 26 
2. 430 1 710 E— 23 
1.8809513E— 34 
7.48668 28E— 33 
1.9183554E-C5 
1.7688112E-C9 


0.87873 MOLES OF SOLID = 0. 

8.8085053E-06 3. 6398363E-06 
1.35C5678E— 10 6 .3082656E-1 5 
1.2993768E-12 6 .9347 125E- 17 


3 . 2520064E- 15 
8. 17 45142 E~ 15 
1.0324023E-18 
8 .63440 12E-22 
4.660466 IE— 29 
1 • 6463 965 E— 06 


8.1299343E-18 
3.1066734E-16 
3.8765330E-21 
1.0491832E-23 
3 .026656 8E— 05 
8 • 2325380E— 07 


2.8665963E— 08 
6.9082981E-07 
1 .4259 90 7 E— 21 
2. 1141186E-20 
1 .7 14860 7E— 17 
2.0429078E-26 
1.845 1 154E-25 
3. 1998402E- n 6' 
3. 1228038E— C8 


C-41 



C/I- iVa as -Ratio = 0. 05 


TEMPERATURE * 5?^0 
8.66 77425E-''4 
4 o 4221457E- 95 
1.9461554E-C5 
4. 2757693 E— 09 
1.1536215E-X7 
5.992417 , 1E-17 
3.5581708E-15 
7.0568075E-18 


'■'Oon PRESSURE 
4.6476812E-01 
1.967667CE— 33 
l. 72581 50E- n 6 
1* 2 r '46134E-06 
8. 94626 57 E- 24 
2 • 612T.68.7E- 1 3 
3.0663567E-13 
2.44322P5E-20' 


109.00000 . MOLES OF GAS = 


5.3133243E-C1 
4.3 190510E— 04 
1.4833409E-07 
7 .095 1055E-08 
1 . 1 69 873 1 E— 19 
2.4398393E-10 
1.3923689E— 15 
2.7168688E— 22 


3. 3630587 E- 04 
2.0042886E-06 
3 • 6640712E-09 
1.8786473 E-99 
1.9849615E— 10 
8.2172207E-12 
9.3134139E— 18 
1 . 01 84174E-19 


TEMPERATURE = 4000. 
3® 9057075E-05 
3 • 5186358E-06 

3.. 7943 1 3 8 E-0 5 

1 .289757-''E-09 
7.2144617E-15 
4.626613 IE- 14 
1. 119 0741 E— 14 
2.1277425E-16 


0000 PRESSURE 
1.4574174E-01 
1 . 5 86 16 5 IE— 0 3 
. __ 6. 046 70 15 E-0 6 
3. 63 2 6991 E- 0 6 
5. 6703634E-20 
2.5620260E-13 
3.3234810E-12 
1 • 43965 18E- 1 8 . 


1CO.OOCOO MOLES OF GAS = 


8. 50 r '475CE— 01 
;1. 8434827E— 03 
1.6032863E-C6 . . 
7 .6 69 5 59 IE— 07 
1.1178521E— l n 
1.7006091E-09 
2.9102993E-14 
1.9569320E-21 


4.2877 443 E—0 5 
8.951 2363 E— 06 
. 1.0422428E-07 
3.4230458E-08 
9 .090 7978 E- 10 
2.0973730E-l r > 
2 . 5385508E-17 
4. 1817299E-18 


TEMPERATURE = 3C^<0 
1. U74176E-07 
1.2776708E-08 
1.0660537E-05 
1.0739839E— 11 
2.1222757E-12 
1.7268523E-11 
5.9520274E— 16 
1.0411315E-16 


.0000 PRESSURE 
1.5505913E-02 
2.11530 12E-04 
3.602 1337E— 06 
1.0838277E-C6 
2.2372633E-16 
3.3 5480 50E- 1 5 
1. 12305 13E- 12 
l. 72543 n lE-18 


100.00000 MOLES OF GAS'= 


9.794211 4E-01 
2.9210540E-03 
4.2377854E— 06 
1.4291353E-C6 
3.2656020E-12 
5.3665897E-10- 
2. 3570008 E- 14 
5.3963720E-23 


4. 8712847E— 07 
1.0566459E-05 
1. 047 7 70 9 E— 06 
1. 107663 IE— 07 
2. 7814948E— 10 
4. 30 49 3 59 E— 10 
5.3923136E-19 
1. 7576767E-18 


C-42 



G/H Mass Ratio = 0,05 


0.65034 MOLES OF SOLID = 0. 


4. 50 8 746 oE— 05 
1.8772048E-07 
2. 143 4 84 5E— 08 
1.2273777 E— 10 
9.03555 18 E— II 
3.4051141 E— 13 
6.8032297E-16 
5. 41881 0 7 E— 21 


1.5801736 E-04 
6. 3599637E-1 1 
4.1465972E-12 
6 *5698 63 7E— 13 
1.6295389E-11 
4.0549645E-15 
4.1261135E-17 


7.5482743E-06 

1.6811531E-05 

5.7262830E-16 

6.8425963E-15 

3.2584267E-12 

1.0553973E-18 

2.0992334E-19 


,53735 MOLES OF 
2.30559016—05 
3 o 844 724 3 E -06 

9.7644320E-07 

5. 34 48149 E— 09 
7.0875712E-10 
1. 4790373 E— 11 
1.2025559E-14 
7 • 89 1 1989E— 1 9 


SOLID = 0. 

4.9 7 75 708 E-04 
4.3473 60 7 E -09 
_ 4. 7567504E-10 
4.0919251E-11 
3.9605881 E— 10 
3 « 8453 138E-13 
2.5747112E-15 


1.0444324E-04 
6.7212856E-C6 
2.0 184005E-13 
1.1926951E-12 
l. 99 699 3 8 E- 10 
2. 6 66 807 8 E— 15 
2 .080726 IE- 1 8 


0.5C105 MOLES OF 
1.9719866E-06 
4.3641125E-C5 
1 .6 36646 6 E— 05 
5 *6 119 53 IE— 03 
4.2848005 E— 10 
5.3757969E-11 
4.7055617E-15 
2 .04740 HE- 13 


SOLID = 0. 

6 .4447935 E-04 
2. 1104494E-07 
2 . 8 0 8 9 7 19 E— 0 8 
5 .9 60442 5 E— 10 
1 .C67C061 E-°9 
3.8992757E-12 
6.1756071E-15 


1. 200349 IE- 03 
1.6268963E-07 
4 .44 6 7089 E- 1 1 
7 .253 29 74 E- 11 
1 .90 79033 E-09 
3. 6827352E-12 
1.92 683 16E- 1 9 


C-43 



C/I-< Mass v.atio = 0.05 


TEMPERATURE = 2200. OO^O PRESSURE = 100.00000 MOLES OF GAS = 

5.4739417E-12 5 . 574651 7E-04 9.9139221E-01 1 . 560 1C57E-10 
2. 1175150E-13 5.7787278E-C7 3 .0862737E-^4 6. 3387244E-07 
2.3338998E-08 2.4043601E-C8 2.0903961E-^7 3 . 4776632 E-07 
3. 6232 2 9 8E~ 1 7 6.6201770E-10 l . 1 775395E-08 I . 862 1948 E-09 
2 . 103673 l£— 11 4. 1 57 5743 Er 14 1. 7385193E-17 4.4622822E-14 
6 .6370268E-1 1 1.9347197E-21 2 . 2963 837E- 14 2. 6363940E-13 
4.7 170696E— 22 1. 35Q526CE- 1 7 1 .0290 12 IE- 1 8 2 . 8295276E-26 
1.3872538E-22 8 . 592269 3E-24 . 2 . 62C4298E-3 1 4 . 7799 17 2E-25 


TEMPERATURE = 16^0.^000 PRESSURE- 
3. 9 50486 6E- 19 5.4071 s 663E-06 

2 .66 9 8099 E— 22 6 .9996220E-13 

2.5O56290E-15 1. 38079 19E-14 

3.426761 3E-29 1 . 93 35C46E-1 8 

3.6802439E-14 2. 2096472E- 1 5 

2.3990217F-15 1 . 8043514E-3 5 

1 ■ 80485 14E— 35 5. 5226691E-32 

1 • 8048514E— 35 ' 1.30 A8514E-35 


= ICO. 00000 MOLES OF GAS = 

9.91-53262E-C1 1 . 5L91955E- 16 

9.'6284071E— 08 8. 591 3 140E- 1 1 

■ 1.8675060E-12 4. 7791 855E-11 

7 .3 63 1798 E- 16 — 3. 1614748E-16 

2*6896071E-30 9. 1561 756E-25 

6 .4563 38 2 E- 2 7 3 . 1888049E-24 

2.8060861E-32 1.8048514E-35 

1.8048514E— 35 1. 8048514E-35 


C-44 



C/l: l.'ass Ratio = 0.05 


0.49426 MOLES OF SOLID =0. 

1. 1214453E-08 1 .7639995E-C4 7.4822571E-C3 

6.8C60584E-05 2 . 5271984E-06 9 .40425 19E-12 

1.1091931E-05 I.1389018E— 07 1.1353143E-09 

5 .059 798 4E— 09 3.4863286E-11 7.7996897E-1 1 

1 .9142436E-13 3. 5239823E-12 3.8395573E-11 

6. 9683212 E— 14 2 . 1 747945E- 14 2. 4121905E-.il 

1 • 77 7 36 6 5 E- 20 3.0743411E-19 2. 1657737E-26 

. 7.4018725E-24 


0.49373 HOLES OF SOLID = 0. 

6.4450464E-13 2 .39 10 578E-06 - ' 8.4582999E-03 
9. 42 2490 8 E- 07 6.8872437E-07 5. 2214025E-21 
4. 444 6340 E— 09 5.8796735E-10 3 . 6488965E- 11 
9 .68 60 90 8E- 15 3. 3619913E-16 5.3 859979E-15 
1 .878 1494E— 23 5.3330449E-21 / 7.8260267E-19 
2. 44482 5 OE— 24 6. 3071359E-24 1 .5962400E-16 
1.8048514E-35 8 .20198 1 IE-34 1.8048514E-35 
1 • 8043 5 14 E— 35 


C-45 



G/H Mass Ratio = 0.05 


TEMPERATURE = l''Q n 0. 
3o S684053E-03 
2. 833701 6E-P6- 
7..2308217E-U 
3.2796417E-14 
8 « 2 n 7 8 3 5 1 E- 3 -O 
1 o 0575672E-3 n 
6.6402430E-26 
4.321353 IE-34 
8 • 48 6 9499 E~ 07 
1.373153 p E-08 


TEMPERATURE = 8000 
4. 0499 33 8 E-C 3 
1 ■ 9006443 E— 05 
2.4589167E- n 8 
1 • 1707802E-11 
1.9646389E-23 
5.79C8036E-24 
3.8281431E-21 
1.8939735E-26 
2.3587 80CE-97 
5 . 1003829E-08 


TEMPERATURE = 6500 
2 . 62423 5 lE- r '3 
6.7613103E-05 
3.1332358E-06 
1.4054O67E-09 
3.1847999 E~ 18 
2. 1249 19 7E- 18 
8.8707192E-17 
. 4. 09 0336 9E -20 

3 . 4421 1 34E-C-8 
8 .46 970 82 E- 08 


O'' 00 PRESSURE 

■ 9.4644637E-01 
1.9434004E-Q4 
2. 1825556E- 1 2 
9. 3941224E- 14 
1.8048514E-35 
8 . 49 23 57 3 E— 22 
9. 09 8 66 8 7 E— 26 
1.80 4851 4F-35 
1 . 52903 19E-03 


ro.OOQGO . MOLES OF GAS = 


4.5935259E-02 
9. 579 1802E— r 9 
1. 346130 IE- 14 
3.0 513 507E— 16 
4.290173 IE— IS 
4 . 666 36C7E— 21 
1.2629677E-28 
1 .8 048 51 4E— 3 5 
1.3374696 E— 04 


1. 7528438E-04 
2 . 6743054E-11 
4. 5698185E-17 
2.4499451E-18 
2. 4594682 E- 19 
1 . 0666211E— 23 
1.3671659E— 29 
1.8048514E-35 
1. 3639121E-04 


0000 PRESSURE 
3.5641319E-01 
6.7516257 E~ 05 
1. 6582076E— 09 
1. 84468 52E- i 0 
4. 1071873E-31 
6 . 344 8440E-1 8 
7.51987^26-20 
4. 44 2 948 6E- 2 9 
1 .446808 QE— 04 


= 5CO.OOOOC 

1.3854170E-O1 
1 . 3 695 479 E- 06 
3.6772096E— 11 
2.5088643E-12 
1.3029505E— 14 
5.1872885E-16 
2.3656939E-22 
1.1044075E-30 
2 . 7906733E— 05 


MOLES OF GAS = 

5.0402534E-°4 
8. 3 09 0 28 3 E -09 
3. 5 89 877 QE— 13 
4. 800S883E— 14 
3. 6445675E— 15 
4. 0821672E-18 
2. 928576 5 E— 24 
3.8878649E-29 
2. 5 1 54-440E— 05 


PRESSURE 
6. 2 7664 0 3 E— 01 
3 • 391242 IE— 0 4 
3.9729125E-C7 
1. 1397195E-07 
1 . 013 n 4L6E-24 
2. 1839369E— 1 4 
5.95^9691E-1 5 
1 . 83 24199E-22 
7. 4793 6 46 E-0 6 


= 5 CO. 00000 
3 • 6753991E— P 1 
• 9.4110647E-05 
2.6460116E— 08 
4.8108668E-C9 
1 . 16 30648E- 11 
8.1215239E-12 
3 . 6 399 8 90 E— 17 
2. 1053109E-24 
3.9383771E-06 


MOLES OF GAS = 

3. 80 43 38 7E— 04 
9. 223026OE-07 
6. 3411756E-1^ 
1.81320296-10 
1.1 193840E— 1 1 
1.9359051E— 13 
2.3165493E— 19 
3.8914862E-22 
2.4324811 E-06 


C-46 



C/K Iviasa Ratio = 0.05 


0.95699 ■ MOLES OF 
1 . 30 ^ 01016-^6 
1.5824465E-13- 
9. 5162663 E- 17 
2 • 5400 168 E— 20 
3.417 1873E-20 
1.242471 IE-25 
2.9677096E-30 
1. 80485.1 4E-35 
1 » 1155895E— 05 


SOLID = 0. 

1 . 0508 523 E— 07 
2.7960446E-18 
2.5196061E-21 
5. 1548455E.-23 
4.6331313 E— 22 
2.8289163E-28 
1. 3197595E— 32 
1 . 5484317E— 03 
4.60379C4E-06 


2. 6135981 E— 10 
1.2248336E— 09 
3.1813309E-26 
6.9179392E-26 
1.5419958E-23 
6. 91376 23 E— 35 
1 .3702972E— 33 
1. 8525565 E— C6 
5.7010962E-09 


0.87786 MOLES OF 
l .352711 5E-05 
1. 390442 IE-10 
1.7439056E-12 
1.4262133E-15 
1.3U4669E-15 
1. 20C6638E-19 
1 .7970109 E— 23 
5.0796371E-31 
1.1096344E-C5 


SOLID * 0. 

4. 9306171 E— 06 
2 .09 07 670 E— 14 
1.4C80234E— 16 
7.4065309E-18 
6 .0 837981 E— 17 
7 » 449 1 740 E— 22 
2.6968982E-25 
1.64 13 94 IE— 04 
2 . 8 1C6411E— 06 


4.3226519E-08 
1.16490076-07 
1.0220271E-2Q 
2 .780 879 9E— 20 
5 . 18581 43E-1 3 
3.8760664E-27 
2.2426694E-27- 
3 .52612 83E— 06 
6.9745207E— 08 


0.72938 MOLES OF 
7. 59 792 3 8E— 05 
5.0242546E-C3 
5.699 348 5 E—C 9 
1. 2569614E— 11 
7.61 l?65fc>E- 12 
1 • 1334630E- 14 
7.3612486 E- 18 
1.5100496E-23 
6 .680 3440 E— 06 


SOLID = 0. 

1.1484234E-04 
3.1399306E-11 
1.U26180E-12 
1.1494362E-13 
1.0581 479E— 12 
1.5567884E-16 
3 .27 18842E— 19 
1.4602966E-05 
8. 0473 1 69 E— 07 


3.3083693E-C6 
4.6272647 E—C6 
3.0611849E-16 
1.0933390E-15 
2.1365203E— 13 
1 .09771 53E— 20 
1 .3 861912E— 21 
3.55 10272E-07 
4.0842929E-C7 


C-47 



C/h ivlass Ratio = 0.05 


TEMPERATURE = 

2.2830439E-C4 
l* 5339797E- f '5 
2.3602006E-05 
2.5725119E-09 
1.7118233F— 14 
1.6617388E-14 
4 .88 99 546 E- 15 
4.4652850E-17 


PRESSURE 
2 • 4675896E-9 1 
1.81 19440E-03 
5.5561282E-'>6 
1.9239661E-06 
9.3551495E-29 
2. 72 5 343 4 E- 13 
■ 1. 1186826E-12 
4. 10402 4 6E- 1 8 


5009. OOOri 


500.00000 

7.488753 6E-'01 
1 .0558155E— r 3 
1.-2677262E-C6 
3 .008257 7E- 7 '? 
9.2695804E-11 
6.758765CE— l n 
1.3489660E- 14 
8.5286653E-22 


MOLES OF GAS = 

' 2. 355019 5E-04 
1. 3 r '06684E— 05 
8. 3129460E— 08 
2. 1145020E-08 
4. 1752256E— 10 
6. 04279O7E-11 
1. 6856414E-17 
8. 4868 162 E— 19 


TEMPERATURE = 4000.0000 PRESSURE 


8 .05 9499 9 E -06 
7 .491473 3 E-07 
1.9461677E-05 
2.923152 IE-10 
1.4447747E-12 
1.7533735Erl2 
2.7857219E-15 
1.3165446E-16 


6.806O567E-02 
7 . 8 8 5 2.74 8 E- 0 4 
7 ■ 241 80.9 4E— 06 „ 
1.922448 3E-06 
6. 19-168 24E-17 
6. 181 36 HE- 14 
1.93L7612E-12 
2.0799643E-13 


500.00000 MOLES OF GAS = 


9.2690772E-01 
2.1398785E-03 
4.4835414E-06 
9.4771351E-C7 
2.6 14003 IE-11 
9.5804702E-10 
3.9498431E-14 
5.3504341E— 22 


2 • 0659456E-35 
2.4261333E-05 
6 . 80 5 5 06 2E— 07 
9.8764513E— 03 
4.9636983F-10 
2. 7589227E-10 
6.5199293E-18 
2. 66 96 269 E— 18 


TEMPERATURE = 3000 
1.5239994E-03 
1 • 1883042E-09 
1.5171632E-06 
4 • 6449 93 3 E— 13 
5 • 8996790E— 1 1 
6.501465OE-11 
8 • 163330 9E— 18 
1.4901042E-18 


«900 PRESSURE 
6. 9537696 E- 03 
4.4145411E-05 
1.15O3184E-06 
1. 05 184 57 E - 07 
3.20 150P4E-1 4 
7. 7529744E-17 
3.4562868E-14 
5. 541O409E-20 


500.00000 MOLES OF GAS = 


9.3630089E- r 'l 
1 .3679 1 10E— 03 
3 .0367017E— 06 
3. 11221826-^7 
9.6314083E— 14 
2.4219734E-11 
1. 6 27700 5 E— 15 
2.3470643E-25 


1. 490793 7E— 07 
1. 1103325E-05 
1.6847453E-06 
5.4126436E-08 
L. 8408137E-11 
4.3595646E-11 
5 . 9433494E— 2 1 
1 . 715408 5E-20 
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G/H Mass Ratio = 0. 05 


0 . 


56850 MOLES OF 
8* 369 0722 E- 05 
3.2338842E-06 
1.2909754E-06 
3.6673084E-C9 
5.0453223E- 10 
6* 6473 898 E— 12 
3* 26 8720 6E~ 15 
1.1987525E-19 


SOLID » 0. 

7 . 7863576E-04 
7.7211286E-99 
6 . 62 9 7362 E— 10 
5.211 1340E— 11 
2.41 54934E- 10 
2 o 1014201E-1 3 
5. 262721 7E— 16 


9. 8737516 E— 05 
7« 68C1934E— C6 
6.4519311 E— 13 
1 , 44079 8 9 E- 12 
1. 2821990 E— 10 
3 « 8543339E— 16 
5.0Q374 17E-19 


0.51496 MOLES OF 
2 .5939030E— 05 
2 • 433 20 2 8 E— 05 
1.488744 8E-C5 
3*6008283 E— 03 
9*036 1273E— 10 
4. 5428094 E- 11 
7 o 21 17994E— 15 
1* 176 3045 E—l 3 


SOLID = 0. 

1.3075874E-03 
1 . 500C372E— 0 7 
. 1.69342 HE— 08 
6 .43 69 3 57 E— 10 
1. 1790 334 E— 09 
2. 7577743 E— 12 
3. 6053616E-1 5 


6.4064171E-C4 
1. 47644 62 E— 06 
3.9176463E-11 
4 .38089 ICE— 1 1 
1.3881132E-C9 
1.0427541E-13 
5. 51 37908 E— 19 


0.49724 MOLES OF 
1 .35420 10E— 06 
1 • 029021 2 E- 04 
5*905 1051 E— 05 
6* 1534742E— 03 
6.363O807E-11 
l. 22158 56E— 1 1 
9.87552-99E- 17 
4.4837C40E-20 


SGLID = 0. 

9.93 10039E-04 
2.5056075E-06 
2.27 4 1821 E— 07 
1 .466 5278 E— 09 
3 .5555662E— 10 
1.9882475E— 12 
2.9082599E-16 


4. 1504650 E— 03 
1.0318292E-C8 
1.8127Q11E-09 
•4.0045379E-10 
1 *42 6602CE-09 
9 .4551154E- 1 2 
1.22 893 15E-2 1 
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C/K Mass Satie = 0. 05 


TEMPERATURE = 22on 
2 .429 2657 E- 13 
2.08519^95-15 
1 * 1492964E-1 9 
1 . 756728 1E~2° 

6 • 3731375 E- 12 
8 .923849 7E— 13 
2.4987155E-27 
8.C902270E-29 


0 n 00 PRESSURE 
2.492978 IE-04 
1 . 2723978E-03 
2 • 6 26 670 3 E- 1 0 
7 . 1771168E-13 
6 . 29733 3 7E- 1 4 
4. 6186827E-26 
1 . 59962 1 3E-22 
1. 120426^6-29 


500.00000 MOLES OF GAS = 


9.9132696E-01 
1.5 194822E- n 5 
5 *196293 6E- r '9 
2.3544762E-11 
1* 8703 974 E — 21 
1 . 2257847E- 18 
2.7252479E-23 
1.8048514E-35 


1.5481017 E — 1 1 
6.9780434E-03 
1.8994831 E-08 
1 • 0093620E— 1 1 
1.0734502E-17 
3 . 1472683E— 17 
3 • 32584 57E— 32 
6. 1854264E— 32 


TEMPERATURE = 

1.5807606E-20 
2. 1373 73 9E-24 
8 .9 739 91 9E— 18 
l .098 1 33 2 E- 32 
7.3710666E-15 
1 .92 26 612 E~ 17 
1.8048514E-35 
1 .804851 4E— 35 


PRESSURE 
2. 4181603 E— 06 
1. 25 302 63 E- 14 
l. 1058181E-16 
7.4057494E-22 
2. 2128262E- 1 5 
1.8C48514E-35 
1.804851 4 E- 3 5 
1 • 804851 4E— 3 5 


16^0.0000 


500.00000 MOLES OF GAS = 


9.9 153451E-01 
3 .354 1220E— 09 
3. 344 2854 E- 14 
1 . 179795 1E~ 18 
1. 7244274E— 34 
1.8518756E-31 
1.8048514E-35 
1.8048514E— 35 


1 • 3592964E- 17 
7. 6902614E— 12 
1.9 1373 17E-12 
1. 1327059E-18 
1.3126701E-28 
2.0452109E-28 
1 • 8043 51 4E— 3 5 
1.8048514E-35 
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C/I; Ivass Hatio = 0.05 


0.49384 MOLES OF SOLID = 0. 

2.4882528E— 09 8 .7515600E-05 
1 • 6753224E— Q5 3. 1101632E-06 
1 .3546458E— 06 3 . 1 1Q1085E-08 
6. 1 323309 E— 11 2 .29976 11E-12 
1.C296560E-16 4.2383773E-15 
1.8596866E-17 1 . 2977778 E-l 7 
4.6726O04E-26 1 . 8066904E-24 
2.1417013E-30 


8'. 3002352E-03 
2. 05 4 8 93 3E— 14 
1 . 5507350E-09 
4. 7261873E- 12 
I.0325664E— 13 
7.1967292E-14 
5.64S6744E— 33 


0.49373 MOLES OF SCL[D = 0. 

1. 2894728E— 13 1.0696983E-06 

• 1.8858519E-07 6 . 8922020E-07 

3. 9 796 8 00 E— 10 1.1772914E-10 

7 ® 75 9 97 9 4E— 17 6.0227391E-18 

6. 0208393 £—27 3 .8228528E-24 

3 .50 6 2670 E— 28 2 . 0226 X09E-27 • 

1.8048514E—35 1. 8048514E— 35 

1.8^48514E— 35 


8 *46 12625E-03 
8 .36321 88E— 24 
8.6582302E-11 
2.1574893 E- 16 
1.2544088E— 21 
2. 5 59 4 74 7E— 19 
1.80485 14E-35 
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G/H Mass Ratio = 0.05 


TEMPERATURE =10990 
3. 5629634E-03 
4.5685124E-06 
4*0l92242E-l n 
1 • 79 48 9 55 E- 13 
7*8807545 E- 27 
4.946018CE-28 
1.9986266E-24 
8 *05242 n 4E-32 
l *96699 l 9E— 06 
3.0973282E-08 


TEMPERATURE = 8090 
3.7211381E-03 
3.2091246E-95 
1.372B535E-07 
6.6753932E-11 
l. 2313412 E- 20 
2.0597714E-21 
1.3544509E-19 
4.0654916E-24 
3* 072 8069 E— 07 
1*2209 792E— n 7 


TEMPERATURE = 6590 
1.7520948E-03 
6* 02734406-95 
6 *060 2 59 5 £-06 
2* 2336 867 E- 99 
2*460 5 17 IE— 16 
8.3017234E-17 
3.3563459E-16 
4 *483657 IE- 19 
3.61 52495E-98 
1-1 «77qq9F-C7 


9900 PRESSURE 
9.0 8603 72E-91 
3.2298349E-C4 
2.3293162E-1L 
9.3763934E-13 
2 . 2943300E-3 5 
1 • 423477 IE- 20 
5.2531576E-24 
1 • 60 n 5469E-34 
1.9491737E-C3 


=1CC9. 00000 
8 • 4670700E-C 2 
5.6933254E-C8 
2.7584075E- 13 
5.8476387E-15 
3.9207029E-17 
1.5019495E-19 
1*40133 18E-26 
3.4504042E-35 
1.796 42 9 IE- 94 


MOLES OF GAS = 

3.021 6701E— 04 
3.051 3C75E-19 
i. 7979567E-15 
9.0147359E— 17 
4.4^804696-18 
6.5909666E-22 
7. 3891411 E- 28 
4. 79 73 36 IE— 35 
L. 7969074E-04 


0900 PRESSURE 
7.7053103E— 01 
2. 05 1 30 82 E— 04 
1 *66592 77E-0 8 
1. 8926073E-C9 
8*49750406-28 
1.3178950E-L6 
4* 78764 90 E- 18 
1.7188405E-26 
9*181 1672E— 9 5 


=1009.00000 . 

2.2429735E— 01 
7 *48749696-06 
6.6477152E-10 
4. 6318263 E— 11 
1 * 36517186—13 
1.7971922E- 14 
2.7192363E-20 
2 .42481136—28 
3.5598321E-05 


MOLES OF GAS = 

8.3333003E-04 
8 * 174221 8E—0 8 
1. 1678054E— 11 
1 • 5949000 E— 12 
6. 8713515E— 14 
2 • 5449635E-16 
1* 9Q40989E— 22 
1.5360177E-26 
2 * 8723573E— 05 


.0090 PRESSURE 
5.O996197E-01 
1 *215 51946—93 
1 . 2486698E— n 6 
2. 94 3463 6 E-9 7 
2.9665812E-22 
6. 1 8 8499 6 E— 14 
3.65 37762E- 1 4 
3.3529741E-21 
3.8627426E-96 


=1 CCO .09900 
4.8530484E-C1 
2*2152100 E- 94 
1.3513597E - r 7 
2.9189457E-08 
2.4682356E-11 
3*7 39 5832 E— II 
3*6-36543 8E— 16 
1.89677C4E-23 
5.9339317E-96 


MOLES OF GAS = 

9.55146UE-04 
3. 5276875E-06 
5.2624631E-09 
i. 236483 1 E-09 
3. 8618574E-11 
1.4434727E-12 
1. 1703398E-L8 
5. 6957520E— 21 
2.9413667E-06 
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C/H ass Ratio = 0.05 


0.92183 MOLES OF 
-4.3028786E-06 
3.46723856-12 
7 . 1887754E— 15 
1.7944928E-13 
1. 1759332E-13 
1.4741222E— 23 
3.0796545E-28 
1.80485146—35 
2.8219687 E- 05 


SGLID = 0. 

6. 6 7 824 66 E— 07 
2.2584767E— 16 
3.6545 142E-19 
6.9924447E-21 
3 .06123416-20 
6 .4443063E— 26 
2 • 62956 85 E-30 
1.0832027E-03 
5.6724 637 E— 06 


3.189L900E-09 
3. 545 8733 E- 09 
1.70 10731E— 23 
1. 80 17677E— 23 
1. 9562034E— 21 
5 • 806 133 6E— 32 
1 • 32988 16E-3 1 
1.1888285E-06 
2.5895934E-08 


0.81585 MOLES OF 
4.024451 2E-05 
2 .46 1420 6 E— 09 
1.02C8234E-10 
8 • 5257602E- 14 
4. 449 28 5 5 E- 14 
1 ,34694126-17 
2.1024229E-21 
3.61122726-28 
2. 2800299E— 05 


SOLID = Q. . 

2. 63960 83 E— 05 
1.1984287E-12 
1.4831118E— 14 
7.9671011E-16 
3 . 714023 IE- 15 
1 o 5037388E— 19 
5. 67767 86 E— 23 
1. 1635973 E-04 
3.2775570E-06 


4. 1641405E— 07 
3.6143693E-07 
3.485783 8E-18 
5.382752 IE— 18 
5. 6966981E- 16 
2.5335474E-24 
2 • 6795 16 6E— 25 
5 .52535 19E-06 
2 • 6334970E— C7 


•0.67078 MOLES OF 
1, 3393946 E— 04 
3. 12268 96 E— 07 
7.6857367E-C8 
i. 39 2849 5E— 10 
4.2652960E-11 
1 .3780793E- 13 
6.0431352E- 17 
3.5914298E-22 
9. 1098434E— Ob 


SGLID • = 0. 

3 .289 69 83E— 04 
,5.15297756-10 
2.43807276-11 
2.0697016E-12 
9. 6349732 E— 12 
3.07564806-15 
4. 3 6464 93 E— 18- 
1.1 4365 74E — 05 
5 o 5493 829 E— 07 


1.53995716— 05 
5. 5078485 E- 06 
1.7712130E-14 
3. 199C282E— 14 
3.1611993E-12 
5.7263506E-19 
9.3509569E-2L 
3.6288694E-07 
7 • 4368923E— 07 
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C/jH Ar'ass Ratio = 0.05 


TEMPERATURE = 5000. 
1. 1985326E-04 
8.4551406E-06 
2 o 0131428E- ri 5 
1.5631111E-Q9 
2.3161212E-13 
1. 0867C94E-13 
3.4390152E-15 
5 *10 23273 E- 17 


000 PRESSURE 
L.3 18451 4E-01 
1.4719899 E— 03 
6 • 9 8 48 43 3 E -06 
1 . 72 301 3 6E- 06 
2* 7496C39E-18 
L • 8258478E-1 3 
1. 1595647E-12 
6. 91 17 551 E~ 19 


1CC0. 00000 MOLES OF GAS = 


8.1 338674E-0 1 
1.2641739E— 03 
2.348922CE-P-6 
3. 9 706 32 5 E— r 7 
5.9136842E-11 
6 .6725 196E— 10 
2.0608585E-14 
6. 9423607E- 22 


1,822170 IE-04 
2.2953247E-05 
2.270 1620E— 07 
4.11 3 55 n 8E-03 
3.925 3775E-19 
8. 7926319E— 11 
1 . 2446852E-17 
1. 0181917E— 18 


TEMPERATURE = 

3 ■ 7648599E-06 
3.2694794E-C7 
_i. 1335858E-05 
1 * 1 1 3.5 3 5 7E— 1 0 
9 • 545308 IE-12 
5.3033561E-12 
8.6537092E-16 
5 • 0995789E-17 


PRESSURE 
4.8613592E-02 
4.916 , '967E-04 
6.0257834E-06 
1 . 046 L634E— 06 
3. 3479971 E-l 6 
2. 0553137 E~ 14 
3. 5725551E-13 
1 • 150923 IF- 1 8 


4000.0000 


lOCO.OCOOO 
9.4578135E-0L 
1.9058328E-03 
5.3294147E-06 
7. 3673999E— 07 
9*3031 40 5 E- 12 
4.5506471E-1O 
2.5039670E-1'4 
1*35539 59 E~22 


MOLES OF GAS = 

1.37S6427E-05 
3, 0867572E— 05 
1. 15560945-06 
i.0968 n 64E-07 
2 . 5236C33E- 10 
1. 8720514E— 10 
1.8922494E-18 
9. 66 0950 4E— 19 


TEMPERATURE = 3000.0000 PRESSURE 


5.2480980E-C9 
2 • 8 18331 1 E-l - r ' 
3«5069667E-07 
5 < 22569 p 3E— 14 
1*06731306-10 
4*0452604E-11 
3 *0O03473E- 19 
3.6761987E-20 


4*923688 IE-03 
X . 48 16250E-C 5 
3. 762750 7E-07 
1* 6745543 E-0 8 
1 .1593268E-L3 
4.1373394E-18 
l* 79 76241E-1 5 
1 • 9344633E-2 1 


lOCO.OCOOO MOLES OF GAS = 


9.8754197E-01 
6.4967853 E~ n 4 
l* 4056518E— n 6 
7*0114152 E- r 8 
7 • 4626999E— 1 5 
1 *32898536— 12 
1.1979346E-16 
2.S181723E-27 


7. 264788CE— 08 
7 • 46 2 4547 E— 06 
1. 1035653E-06 
1. 7255713 E— 08 
2.0133852E-12 
4. 6587734E— 12 
1.27663376-22 
2.9147344E-22 


C- 54 



G/H Mass Ratio = 0.05 


0.54774 MOLES OF 
9.5440005E-C5 
8 .41 12 537 £—06 
5 • 1961 1 19E— 06 
1.0515139 E— 08 > 
6. 99 20529 E— 10 
1.4255785E-11 
3.5573887E-15 
2.1196937E-19 


1.3087186E-03 
4.3624918E-08 
3.9329254E-09 
2.2022077E-10 
4.9337350E-10 
6. 6421964E— 13 
8.4415649E-16 


2.4459801E-C4 
4.4446645E-C6 
8.3143225E-12 
8 .974049 IE- 12 
3. 8600119E-10 
2 . 646 4 949 E— 15 
3. 87931 98E— 19 


-0.50927 MOLES OF 
2.4727414E-C5 
4 . 42 2 40 2 0 E— 0 5 

3..6112936E-C5 . 

5.712 46 83E-08 
6.5628163E— 10 
4.4034660 E— 11 
2.99C0017E— 15 
6.0810860E— 19 


SOLID = 0. 

1 .7806876E— 03 
5.5637304E-07 
5.B681314E-08 
1.4587896E-09 
1.22 32801 E— 09 
3.81S7532E-12 
2. 1353 46 3 E— 15 


1.2463052E-C3 
6.0200436E-C7 
_ 2.7704117E-1Q 
1 .41 82998E— 1 C 
2 .05739 19E— 09 
2. 946643 8E— 13 
1.4950527E-19 


0.49596 MOLES OF SCUD = C. 

9 • 33 84 8 56 E- 07 9 . 69 1 1334E-04 
9. 7868071 E—C5 4 . 7720599 E-96 
5 • 473 67 8 OE— 05 2.9830807E-07 
2 • 776 0 78 3 E~ 08 ' 9;3624499E-19 
9 .8730 12 5E— 12 7. 8069157E-11 
1. 84.731 44 E— 12 4. 2547632E-1 3 
3. 5375042E- 18 . 1 .4742047E-17 
1.0780914E— 2 l 


5.7314731E— C3 
1 . 6854626E— C’9 
4. 7614 82 2 E- 09 
3 .61775986—10 
4. 4326268 E- 10 
4.05 17989 E- 12- 
2 . 1425056E— 23 


C-55 



C/B A'^ass llatio = 0. 05 


TEMPERATURE = 220Q 
6.1220519E-14 
2 .6486220E- 16 
1.03 245 12E-1 1 
5*6686341 E— 22 
3* 2910936E-12 
1.16 12344E-13 
1 .0324073E-29 
I.2009496E— 31 


.0000 PRESSURE 
1.7628471E-04 
2 . 2857195E-09 
3. 3634366E-1 1 
3 • 275325 IE- 1 4 
6. 5C42241E— 14 
3. 7861 63 6 E- 2 8 
9. 34 7099 7E— 25 
2. 35217 83E— 32 


lCn.^CQOO MOLES OF GAS = 


9.9137778E- r ‘l 
3.8603060E- r b 
9.2471890E-l n 
1 .8422845E— 12 
3.0420262E-23 
1.4210905E-20 
2.25211 82E— 25 
1.8048514E-35 


5. 5175662E-12 
2.5071 814E— 03 
4.8643075 E- 09 
9 • 2130431E— 13 
2 . 4690966E— 1 9 
5. 1692C24E-19 
6.9260965E-35 
4.62791196-35 


TEMPERATURE = 

3.9521369E— 21 
2.672C372E— 25 
7.9334099E-19 
3 . 4324829E--3& 
3.6864244E-15 
2 .4040475E— 1 8 
1 . 80485 14E-35 
1 ,80485 14E— 35 


PRESSURE 
1. 709898 IE— 06 
2. 2153241E— i 5 
l • 382522 4E- 1 7 
3. 27 368 63E— 2 3 
2 • 213358 LE- 1 5 
1 • 80485 14E- 35 
1. 8048514E-35 
1. 8048514E-35 


1600.0000 


1CC0. 00000 MOLES OF GAS = 


9.9L53 498E— Cl 
9.6364629E-M 
5.9129870E-15 
7.3 754917E-2 n 
1.3 i1 485l4E-35 
2.0467822E-33 
1.8048514E-35 
•1.8048514E-35 


4. 806 1237E-18 
2.7192467E-12 
4.7851917c— 13- 
1.0° 1 4199E— 19 
2. 9014824E— 30 
3. L968033E— 30 
1. 8048514E— 35 
1.8048514E-35 
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C/K jlv-antf Ratio = 0.05 


0.49380 MOLES OF S0LI0 = C. 

1.2542056E-09 6. 2385906E-05 
8.5128849E-C6 3. 1609222E-06 
4.90661 1 5 E—G 7 1 . 5931539E-G8 
7 .9 16 0331 E— 12 4.1984736E-13 
3 • 349 462 0E— 18 1.9498821E-16 
4.31220 14E- 19 4.2558460E-19 
1.376162 5E— 23 7. 5252671 E-2 1 
2 • 26622 10E-33- 


8.3679074E— 03 
1.3155726E— 15 
1.5888110E— C9 
1.2202390E— 12 
6.7181865E-15 
4.720 3400 E— 15 
1.8048514E-35 


0.49373 ' MOLES OF SOLID = 0. 

6.4477528E-14 7. 5643675E-07 8 . 4617761E-03 
9.43C3970E— 08 6. 8930367E-C7 5.2279390E-25 
1.4072860E-10 5.887C712E-11 8.6598034E-11 
9.7022920E-18 1.0649386E-18 5. 3950299E-17 
1 .882078 5E— 28 .1 .6899822E-.25 7.8424028E-23 
7.75C6536E— 30 6. 3229 591 E-2 9 1 .60025 15E-2 0 
l. 8048514E.-35 1. 8048 514E-35 1.8048514E-35 
1. 8048 514 E— 35 
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APPENDIX D 


OPTICAL CONSTANTS OF THE CAR BON- HYDROGEN MIXTURES 

Presented here are the results for the optical constants of 
carbon-hydrogen mixtures with C/H mass ratios of 0.005, 0.01, 
and 0.05, gas pressures of 100, 500, and 1000 atm., and gas tem- 
peratures of 1600, 2200, 3000, 4000, 5000, 6500, 8000, and 10, 000 K. 

The arrangement of these 72 cases is given in the index below, and 
the computer print- out is arranged so that the cases are in numeri- 
cal order by case number. This print- out consists of one page for 
each case, giving the total spectral absorption coefficients for the 
gas mixtures, and the Planck and Ross eland mean absorption coef- 
ficients, as well as other data not specifically requested in this 
contract. 

The results are arranged in the following way, with floating 
point notation used throughout: 

The case number is given at the top of each page, to the right 
of the equilibrium temperature of the gas mixture ("TEMPERATURE") 
(°K), the C/H mass ratio, and the total gas pressure ("PRESSURE") 

(atm. ). Below this are the mid-points of the spectral-averaging 
intervals* ("OMEGA") (cm - -*-) and the averaged spectral absorption 
coefficients (cm"l) summed over all molecular band systems and 
all absorption processes considered ("TOTAL MU") (cm - l), the 
Planck spectral intensify function, ("B(W,T)") (erg-sec - ^-cm - 2 
-ster~l -(cm - -*- (Aco)^ and the spectral volume emission, coef- 
ficient ("J") (erg-sec - ^ -cm -2 _ster”l - (cm - ^ -(cm - ^ (Aoj)) -1 ), 
which is equal to the product of the "TOTAL MU" and "B(W, T)" 
columns for each "OMEGA" value. The quantities printed-out from 
the integration of the total spectral absorption coefficients are: 

J'(T) ("J TOTAL") (erg-sec-i-cm-S-ster -1 ) 

Up ("PLANCK MEAN OPACITY") (cm -1 ) 

/i (2) ("MEAN-SQUARED PLANCK MEAN OPACITY") (cm -2 ) 

Arf ("ROSSELAND MEAN- FREE -PATH") (cm) 

Aj£) ("MEAN-SQUARED ROSSELAND MEAN- FREE- PATH") (cm 2 ) 
Up ("1 /ROSSELAND MEAN- FREE- PATH") (cm -1 ) 

I' ("I PRIME") (cm2) 


* 

For a listing of the correspondence of these "OMEGA" values 
with the dimensionless frequency interval mid-points specified 
in the contract, please see the table below. 
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INDEX OF OPACITY CASES 


Case No's. 

Gas Temperature 
(° K) 

Gas Pressure 
(atm) 

Respective 
C/K Mass Ratio 

1,2,3 

-1600 

100 0. 

005, 0.01, 0.05 

4,5,6 

1600 

500 

ti 

7,8,9 

1600 

1000 

it 

10, 11, 12 

. 2200 

100 

it 

13, 14, 15 

2200 

500 ' 

tr 

16, 17, 18 

2200 

1000 

it 

19,20, 21 

3000 

100 

f! 

22, 23, 24 

3000 

500 

it 

25,26, 27 

3000 

1000 

ti 

28,29,30 

4000 

100 

n 

31,32,33 

4000 

500 

it 

34,35,36 

4000 

1000 

n 

37,38,39 

5000 

100 

ti 

40,41,42 

5000 

500 

it * 

43,44,45 

5000 

1000 

rr 

46,47,48 

6500 

100 

I! 

49,50, 51 

6500 

500 

ti 

52,53,54 

6500 

1000 

if 

55, 56, 57 

8000 

100 

n 

58, 59, 60 

8000 

500 

ii 

61,62, 63 

8000 

1000 

ti 

64,65,66 

10, 000 

100 

ii 

67, 68, 69 

10, 000 

500 

it 

70; 71, 72 

10, 000 

1000 

it 
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Correspondence Table of Optical Frequencies 

The present computer calculations of the optical constants 
were to be done for a spectral range defined by a dimensionless 
frequency, u = he to/5QOOk = 2. 00 to 19. 50, in steps of Au = 0. 50, 
where hc/k is the second radiation constant, equal to 1.43879 cm-° K. 
The OPSAB computer program will only consider spectral ranges 
of te, wavenumber (cm~l), and thus we give here a correspondence 
table for cc and u to aid in interpreting the OPSAB print-out, which 
gives only the center points of the co-intervals considered. 

Using the value for hc/k, we find 

(3.47514 X 10 3 ) u 

and - 

A 00- (3.47514 X 10 ) Au.- 

The intervals of Au = 0. 50 corresponds to intervals of Ate = 1737. 57 
cm -1 .. The calculations of the OPSAB program were carried out for 
the spectral range to = 6950.28 cm -1 (u = 2.00) to to= 69502.80 cm -1 
(u = 2. 00) to 67765. 23 cm~l (u = 19. 50), with the center-point of 
each averaging interval of width Ago (as above) printed in the left- 
most column ("OMEGA"). These center-points correspond to the 
points u ='2. 25 to 19. 25 in steps of Au = 0. 50. We give here the 
correspondence of the mid-points for the CO- and the u-variables. 


^This includes one additional spectral averaging interval at the 
large frequence end of the spectral range considered. This was 
added to improve the accuracy of the calculations for band systems 
of diatomic molecules at this end of the spectrum. 
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u 

, -1. 
CO(cm ) 

u 

Ol(cm 1 ) 

2. 25 

7819. 06 

11. 25 

39095. 3 

2. 75 

9556.63 

11.75 

40832. 9 

3. 25 

11294. 2 

12. 25 

42570. 5 

3. 75 

13031. 8 

12. 75 

44308. 0 

4. 25 

14769. 3 

13. 25 

46045. 6 

4. 75 

16506. 9 

13. 75 

47783. 2 

5. 25 

18244. 5 

14. 25 

49520. 7 

5. 75 

19982. 1 

14.75 

51258. 3 

6.25 

21719 . h 

15. 25 

52995. 9 

6.75 

23457''. 2 

15.75 

54733. 5 

7. 25 

25194. 8 

16.25 

56471. 0 

7. 75 

26932. 3 

16.75 

58208. 6 

8. 25 

28669. 9 

17.25 

59946. 2 

8. 75 

30407. 5 

17.75 

61683. 7 

9. 25 

32145. 0 

18. 25 

63421. 3 

9.75 

33882. 6 

18.75 

65158. 9- 

10.25 

35620. 2 

19.25 

fr6896.4 

10. 75 

37357. 8 
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TOTAL OPACiTltS ANO VULIJME EMISSION 


1 


TEMPERATURE a 1.60000E+03 C/H MASS 

RATIO » S.OOOOOt-03 PRESSURE = 


I.OOOOOE*02 

OMEUA 

TOT Aj MU 

B < w , T ) 


J 

7.8i906E*03 

1 .499HE-13 

5.03636E*03 

7 

5F008F-10 

9.55663E*03 

1.V0790E-12 

1 .9261 1E*03 

3 

674B2E-09 

1 .1?V42E*04 

6.535q9E-12 

6.66323E*02 

4 

3S508F-09 

1 .3o318E*04 

5, T5lo9E-12 

2 . 1 4b5 IE*02 

1 

23390F-09 

1 .47693E*04 

1.29785E-12 

6.54662E*01 

8 

49656E-11 

1 »65069E*04 

7 .61 2rZE-1 4 

1.91578E*01 

1 

45845F-12 

1 .8?445E«-04 

3.43259E-lb 

5.42200E*00 

1 

8611SF-14 

1 .99821E*04 

8.7o306E-lb 

1 .49314E*00 

1 

29949F-14 

2.17196E*04 

2. T5054E-14 

4.01933E-01 

1 

105S3F-U 

2.34572E*04 

6.63770E-1A 

1 .06131 E"0 I 

7 

04463E*l5 

2.5i948E*04 

1 .G6023E-1 J 

2.75651E-02 

2 

92254E-1S 

2.69323E*04 

1.25893E-I3 

7.0S776E-03 

B 

88521F-16 

2.«6699E»04 

1 • 0831 2E-1 3 

1.78459E-'03 

1 

93293E-16 

3»04075E*04 

6.689) IE-14 

4.46291E-04 

2 

98S29F-17 

3.2l450E*04 

3.14231E-14 

1.1051BE-04 

3 

47284E-18 

3.38B26E*04 

1 .121096-1* 

2.71293E-0S 

3 

04144E-19 

3.56202E+04 

6.00280E-I3 

6.60 7l 3E-06 

3 

96613F-18 

3.73578E*04 

8.4H804E-li 

1.59765E-06 

1 

346S1F-16 

3»9o953E*04 

2.01765E-08 

3.83823E*07 

7 

74191F-15 

4.0fl3?9E*04 

2.80657E-06 

9.16649E-0B 

2 

57264E-'T3 

4.25705E*04 

1.05602E-04 

2.17728E-08 

2 

299?4F*1? 

4 • 43080E * 04 

1 .020?2E-03 

5, 14b79E“09 

<5 

24934E.12 

4.6n456E*04 

2.S2470E-03 

1.21056E-09 

3 

086?9F-^2 

4.77832E+04 

1.60069E-03 

2.83&71E-10 

4 

539(l9F-13 

4.95207E*04 

2.599R2E-04 

6.61628E-11 

1 

7?01 1F-14 

5.I?583E*04 

1.08236E-0b 

1 .53802E-1 1 

1 

6f,469F-T6 

5.29959E+04 

2 . 72890E-0 f 

3.56296E-12 

9 

7?296F-19 

5.47338E*04 

2.I6565E-06 

8.22T33E-13 

1 

781 7SE-1 8 

5.64710E+04 

1 .640R7E-OS 

1.89406E-13 

3 

1 079OF”l 8 

5»8?086E*04 

6.82461 E-Ob 

4.34804E-14 

2 

98737E-18 

5.99462E*04 

1 .56209E-04 

9.95480E-1S 

1 

555n3E-l8 

6 • 18037E *04 

2.16680E-04 

2,27340E*lb 

4 

9?6o 1 F“l 9 

6.34213E+04 

6.224 fi 7E-04 

5.17948E-16 

3 

22416E-19 

6.5I589E*04 

3.14137E-03 

1 .17738E-16 

3 

698S9F-1 9 

6.68964E*04 

5. l05?4E-03 

2.67068E-17 

1 

3634SF-19 


j Total = 1.75784E-05 



PLANCK MEAN OPACITY * 1 

• ?7487t- 1 2 

MEAN-SUUAREO PLANCK MEAN OPACITY 

s 

1 .77001E-1 r - 

ROSSELAND MEAN-FREF.-PaTh 

B 4 • 480S4E* 1 2 

i/rosseland MLaN-FREE-PATH 

S 

2.231 87E-1 3 

MEAN-SQUARED ROSSELAND 

MFAN-FHEE-PATh = 

1.S2S91E+26 I PRIME 

s 

3.?1769E*2f 



total OPACITIES and volume EMISSION 


2 


TEMPERATURE ■ U60000E + 03 

C/H MASS RATIO * 

l.OOOOOE-02 

PRESSURE = 

I • 00000£ 4 Q? 


omega 

TOT A|_ MU 

B < w * T ) 


J 

7 

•bl906E*03 

5.85559E-13 

5.03b36E*03 

2 

.94909E-09 

9 

.55663E*03 

7.64997E-12 

1.92bllE*03 

1 

.47347F-08 

1 

•1?942E*04 

2.62458E-11 

6.66323E*V2 

1 

•74B82E-0R 

1 

.3o318E*04 

2.309*5E-U 

2,l4is5lE*02 

4 

•9S53BF-n9 

l 

»47693E*04 

5.20971E-12 

6,54662E*0l 

3 

.41060E-I0 

1 

,65069E*04 

3.03234E-13 

1.91578E*0I 

5 

.8o932F-12 

1 

.02445E*O4 

9.10699E-1S 

5.42200E*00 

4 

.9378IF-14 

l 

*99021E*O4 

1.74448E-14 

l,49il4E*H0 

2 

,6047BF-U 

2 

.17196E*04 

5.510A2E-14 

4.0l433E-Ol 

2 

•2I490E-I4 

2 

•34572E+04 

1.329p6E-13 

1 .06131E-01 

1 

.41 139F-U 

2 

♦51 948E+04 

2.12415E-U 

2 *75t>5 1 E-02 

5 

.85523F-I5 

2 

•69323E*04 

2.52252E-13 

7.05776E-03 

1 

•7801 2F-15 

2 

•06699E*O4 

2.16999E-13 

1 .784S9E-03 

3 

•87256F-16 

3 

•04075E*04 

1.34015E-13 

4.46291E-04 

5 

•98098E.I7 

3 

•2l 450E*04 

6.29690E-14 

1.10&18E-04 

6 

.9S924F-IR 

3 

»38626E*04 

2.59563E-14 

2.71293E-05 

7 

• 041 79E-iT9 

3 

•56202E*04 

2.37700E-12 

6.60713E-06 

1 

•57051F-17 

3 

.73578E*04 

2.71873E-10 

1 .S9765E-06 

4 

•34359F-I6 

3 

.9o953E*04 

4.27I79E-08 

3.83823E-07 

1 

•63961F-14 

4 

.08329E*04 

5.634 7 9E-0b 

9.16R49E-08 

5 

.1651 3F-1 3 

4 

•25^05E*04 

2.11536E-04 

2.17728E-08 

4 

•60572E-12 

4 

.43080E+04 

2,043?7E-03 

S.14&79E-09 

1 

•0S143F-II 

4 

»60^56E*04 

5.05688E-03 

1 .21056E-09 

6 

•12163E-12 

4 

.77832E*04 

3.20612E-O3 . 

2.83S71E-iO 

9 

•09161F-13 

4 

♦95207E*04 

5«2o7^4E-04 

6.61628E-U 

3 

•44532F-14 

5 

.12583E*04 

2.169?0E-0S 

1.S3802E-U 

3 

• 33626F'*16 

5 

.29959E+04 

8.63207E-0? 

3.56296E-12 

3 

•07557E-18 

5 

•47335E+04 

8.88l40E-0b 

8.22733E-13 

7 

•14248F-I8 

5 

t647l0£*04 

6.57216E-05 

1.B9406E-U 

1 

•24481 F -V 7 

5 

c82086E*04 

2.73404E-04 

4 ,34804E”I4 

1 

•1R877F-17 

5 

»99462E*04 

6.25990E-04 

9.95480E-15 

6 

•231 61 E*I 8 

6 

•16837E+04 

8.29536E-04 

2.27340E-15 

l 

• 88587F.1 8 

6 

♦342l3E*04 

I.52200E-03 

5.17948E-1S 

7 

.8831 8F- 1 9 

6 

.5lS89E*04 

6.40I78E-03 

1.17738E-16 

7 

•53734F-19 

6 

•6P964E*04 

1.025o5E-02 

2.67068E-17 

2 

•73999F-T9 


J inTAL = 7.03664E-05 


PLANCK MEAN OPACITY = 5-10332E-1? MEaN-SUUa«ED PlanCis mEam OPACITY s 7.10ll4E-lp 
ROSSELAND MEAN*FREE“PaTh r 1 •20895E* 12 1/flOSSfcLAND ME A N-FREE-PaTH = «.?7l64E*l3 
MEAN-SQUARED ROSSELAnD M F an-FHEE-PATH = 2,030«OE*25 I PRIME * 4 ,S6l 73 e+2«s 
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TOTAL OPACITIES ANO VOLUME EMISSION 


3 


TEMPEHaTUKE = 1 • 600006* O 3 C/H MASS 

RATIO = b.OOOOOt-02 PPFSSURE = 


1 • 0 000 0 E* 02 


omega 

tota l mu 

B (#.T) 


J 

7 

8 1 9 ObE ♦ 03 

1.48440E-I1 

5.036366*03 

7 

•47596F-08 

9 

556636*03 

1 • 98 1 4 BE- 1 0 

1.926116*03 

3 

.816546-0? 

1 

129426*04 

6 . 806266-10 

6.66323E*02 

4 

,5i516F-07 

1 

3(l3lBE*04 

5.99006E-IU 

2.145516*02 

1 

.2851 8F-0 7 

1 

47S93E*04 

1.350626-10 

6.546626*01 

8 

.84198F-09 

1 

65069E *04 

7.BI248E-12 

1 .915786*01 

1 

.49670F-10 

I 

B?445E*04 

1 .390026-13 

5.42200E*00 

7 

.51668F-1 3 

1 

998216*04 

8.B74?4E-1* 

1 .493146*00 

1 

.32505F-13 

2 

171966*04 

2.792i 66-13 

4.01933E-01 

1 

. 1 2226F-1 3 

2 

345726*04 

6.739676-1 3 

1.061316*01 

7 

.152856-14 

2 

519486*04 

1.076396-12 

2.756516*02 

2 

.96707F-14 

2 

69323E*04 

1 . 278026-12 

7,05/766*03 

9 

» 0 1 998F- 1 5 

2 

866996*04 

1 .09976E-12 

1 .78*596-03 

1 

• 96263F — 1 5 

3 

040756*04 

6.B0OQ9E-I3 

4,462916*04 

3 

.03522F-16 

3 

21450E+04 

3.226856-13 

1.105186*04 

3 

.S6626F-17 

3 

388266*04 

2.B3374E-1J 

2 ,712936*05 

7 

.687746-18 

3 

56202E*04 

6.07450E-11 

6, 60 71 3E*06 

4 

.0135(16-16 

3 

735786*04 

5.648376-09 

1 .597656*06 

9 

.0241 4F-15 

3 

9o953E*04 

3.118376-0/ 

3.83823E-07 

1 

•19690F-13 

4 

0b329E*04 

2.90O73E-OS 

9,166496*08 

2 

.658956-12 

4 

25?05E*04 

1 ,068q9E-03 

2.17/28E-08 

2 

• 32750F* 1 1 

4 

430806*04 

1 .031816-02 

5.145796-09 

5 

•3o947F.ll 

4 

6<)456£*04 

2,553546-02 

1 .210566*09 

3 

•09120F-1 1 

4 

77B32E+04 

1 .61B97E-02 

2.835716-10 

4 

.59093F-12 

4 

952076*04 

2.629526-03 

6.616286-11 

1 

,739776-1 3 

5 

1?S83E*04 

1 .100*1E-0<+ 

1 .53B02E-11 

1 

•692766*15 

5 

299596*04 

1 .7A025E-0S 

3.56296E-12 

6 

.200456-17 

5 

473356*04 

2.231016-0* 

8.22/336-13 

1 

.83552F116 

5 

64?I0E*O4 

1 .69065E-03 

1. 894066-13 

3 

•202206-16 

5 

820866*04 

7.03H8E-03 

4.34804E-14 

3 

.057326-16 

5 

99462E*04 

1 .60739E-02 

9.954806-15 

1 

.600)26*16 

6 

168376*04 

2,048?0E-02 

2.273406-15 

4 

.686396—1 7 

6 

342136*04 

1.90410E-02 

5.179486-16 

9 

.06227F-1 8 

6 

51 589E*04 

3.72B78E-02 

1.177386-16 

4 

.390206-18 

6 

6R964E*04 

5.392876-02 

2.670686-17 

1 

.4401 8F-18 



J TOTAL * 1 »82o20t-03 



PLANCK MfcAN OPACITY = 1 

•3201 Ot-lo 

MEaN-SUUaRED PLANCK mean OPACITY 


t .81 1 3 7 E — 1 m 

rosselanu mean-free-hath 

= 5.598936+10 

1/ROSSELAND MEaN-FREE-PATM 

— 

1 .786Q5F-1 1 

mean- 

SQUARED ROSSELAnO 

MFAN-FHEt-PATH = 

1,324016*23 I PRIME 

r 

3.22408E+27 



total opacities ano volume EMISSION 


A 


TF.MPEHATUHE = 1#60000E*0i c/h mass patio « 


OMEGA 

tota l MU 

7.81906E+03 

2.09453E-14 

9.55bb3E*03 

1.771q3E-13 

1 • 12942E*04 

S.893q2E-13 

1 .3o318E*OA 

5.17480E-1 3 

1 »A7693E*04 

1.I7911E-U 

1 .65069E-*04 

7.97966E-lb 

1.8?A45E*04 

2.424A2E-1U 

1 .9q021E*O4 

B.699A8E-lb 

2. 1?196E 4 04 

2.750q6E»l4 

2.34b72E*04 

6.47634E-14 

2.5l 948E+04 

1.05675E-13 

2.69323E*04 

1.258qlE-13 

2.86699E*04 

1.08213E-1J 

3.04075E*04 

6.68353E-14 

3.2l450E*04 

3.044q4E-14 

3.38826E*04 

9.82I62E-Ib 

3.56202E+04 

1.5I8R4E-13 

3.73578E*04 

8.42347E-II 

3.9n953E*04 

4.27512E-08 

4.0fl329E*04 

6.26092E-09 

4.25705E*04 

2.36065E-04 

4.43080E*04 

2.280aOE-03 

4. bo456E*04 

5.6442&E-03 

4.77»32E^04 

3.b78q3E-03 

4.95207E*04 

5.81220E-04 

5. 12&83E+04 

2.41896E-0b 

5.29959E*04 

4. 15240E-0 7 

5.47335E+04 

2.15942E-0t> 

5.64 7 1 OE* 04 

1.83137E-0S 

5.82086E+04 

6.7qOl5E-Ob 

5.99462E+04 

1 .5617qE-04 

6. lbB37E*04 

2.41306E-04 

6.34213E+04 

1 .22367E-03 

6.5iS89E*04 

6.9510IE-0J 

fa.6«96AE*04 

I . 14 188E-02 


J Total = 


b.OOOOOE-03 

PRESSURE a 5.00000^*02 

e t w , r ) 

J 

5.038 36E *03 

I.05488F-10 

1.92bHE*03 

3.4 J 292F-1 0 

6.6bJ23E*U2 

3.92725E-10 

2.l4bSiE*02 

1.I1026F-10 

6. 54bb2E*U 1 

7.7192IF.1? 

1.91&78E*i>l 

1.52873F-13 

5.422006*00 

1.31463F-U 

1 *493 1 4E*00 

1.29899E-14 

4.01933E-01 

1 .10570F-U 

1 . Obi 3 1 E“0 1 

6.87338F-i5 

2.75851E-02 

2.91295E-I5 

7.05776E-03 

8.88509F-16 

1.7B459E-03 

1.9?1 1 6F-1 6 

4.46291E-04 

2.9R280F-1 7 

1.10bl8E-04 

3.36522F-18 

2.71293E-05 

2.66454F_19 

b.60 713E-06 

1 .00332F-18 

1 .59 7 65E*0b 

l .34578F-16 

3.B3823E-07 

1 .640B9F-14 

9,lbb49E-0B 

5.7^906F-I3 

2.1772BE-08 

5.13979F.12 

5.Ub79E-09 

l.l7355F-n 

1.2l05bE*09 

6.83270E-I2 

2.83571 E^io 

1 • 0 1 477F”1 2 

b.61b28E-ll 

3.84BR1F-14 

1.53B02E-U 

3.7?040F-16 

3.56296E-I2 

1 .47948F"l8 

8.22733E-13 

1.77663F-18 

1.89406E-13 

3 • 0R991 E**i R 

4.348o4E”i4 

2.9R23qF-l8 

9.95480E-15 

1 .5R473F-18 

2.27340E-15 

5.4B586E-I9 

b,1794flE-lb 

6.33795E-19 

1.17 738E-ib 

8.1R399F”19 

2,670b8E-I7 

3.049boF-i q 


1.7oq43E-06 


PLANCK MtAN OPACITY = 1.?3976t-l3 ME A^-SOU aHED PLANCK MEAN OPACITY c 
POSSELANO MEAN-FPEE-E’aTh s 3.0I315E+1J 1/ROSSELANO meaN-E REE-PaTH = 
MfAN-SQUAPEO ROSSELAND Mf AN-F«EE-PATH = 1.6?o36E*27 I PPIME r 


R.B4A41E-1 a 
3.31 R79E-U 
1 »RC<?T6F*27 



6-a 


TOTAL OPACITIES AND VOLUME EMISSION 


TEMPERATURE * 1.60000E*03 C/h MASS RATIO = 1.00000E-02 PRESSURE = 5.00000E*02 


omega 

TOTA t MU 

7.81906E+03 

6. 75Q77E-1* 

9.55663E*03 

6.97834E-13 

1 ■ 1?9a2E*04 

2.35879E-I2 

1.30318E*0A 

2.07348E-12 

1«47693E*04 

4.699*6E-13 

1 .65069E*n4 

2.948A1E-14 

1 .02445E+O4 

5.05b*4E-lt> 

1 .99821E*04 

1 . 74275E-14 

2.17196E*04 

5.S1058F.-14 

2.34572E*04 

1 .29734E-13 

2.5l948E^04 

2.1I684E-1J 

2.69323E*04 

2.S2179E-13 

2.06699E*O4 

2. 167f,7E-l 3 

3.04075E*04 

1 ,338ftlE-13 

3.2l450E*04 

6,099 7 7E-I4 

3.38826E+04 

2 « D3657E-1 4 

3.56202E*04 

5.41U9E-13 

3.73578E+04 

1 « 942r5E- 1 0 

3.9o953E*04 

8.89431E-08 

4.0R329E+04 

] ,296?7E-0b 

4.25705E+04 

4.88661E-04 

4.43080E*04 

4,720a6E-03 

4.6o^56E+04 

1 .16837E-02 

4.77®32E*04 

7.4()7*9E-03 

4.95207E+04 

1 *2031 3E-03 

5.12S83E+04 

5.008S0E-0S 

5.29959E+04 

1 .16578E-06 

5.47335E+04 

8.668Q4E-06 

5,6471 OE + 04 

6.S4942E-0S 

5.82086E^04 

2.72S86E-04 

5.99462E*04 

6.25954E-04 

6.16837E*04 

8,81 7 7 9E-04 

6*342 I 3£ *04 

2.79661E-03 

6.5]5B9E*04 

1 .44799E-02 

6.68964E+04 

2.36039E-02 


6 < W , T > 

J 

5.03636E*03 

3*39994E-l0 

1,92611E*03 

1.3441 0F-09 

6,66J23E*02 

1.57171E-09 

2* 14b5lE*U2 

4.44867F _ 10 

6.54662E*«1 

3.07669F-11 

1 ,91 S78E*0 1 

5.64891F-13 

S.422ocE*6o 

2,74171 F-U 

1,49314E*00 

2.6o2l 8E"14 

4.01933E-01 

2 « 2 1 489E - 1 4 

1.06I31E-0I 

1 .37687F-14 

2.75651E-02 

5.83509E-15 

7.05776E-03 

1.779B2F-15 

I.78459E-03 

3.86841F-16 

4.46291E-04 

5,97500E-17 

1.10&18E-04 

6,741 37F-1 8 

2.71293E-05 

5,52568E"T9 

6 ,60 7 1 3E"06 

3.575S8E-18 

1 .59765E-06 

3. 10400F-16 

3.83823E-07 

3.41384E-14 

9, I6649E-08 

1,1 8823F-1 2 

2.17728E-08 

1.06395F-H 

S.14S79E-09 

2.4P925F-1 1 

l^iossE-og 

1,41 438F-1 1 

2.83S71E-10 

2 • 1 00S8F*1 2 

6.61628E-U 

7.96025E-14 

I.53802E-11 

7.70316E-16 

3.56296E-12 

4,1 5363E— 1 8 

8.22733E-13 

7,131 49F- 1 8 

1 .89406E-13 

1 .24050E-17 

4.34804E-I4 

1,1 8522E-1 7 

9,95480E-15 

6.23l25E-ie 

2.27340E»I5 

2.00464E-T8 

5.17948E-16 

l .448S0F-18 

1.17738E-I6 

1.70484F-18 

2.67068E-17 

6.30385E-19 


J IfiTAL ■ 6.S7598E-06 


PLANCK MEAN OPACITY = 4.76922E-L3 MEaN-SuUaRED PLANCK MEAN OPACITY = 
ROSSELANU MEAN-FREE-PaTh s 9.32878E+12 I /ROSSEL AND MEaN-FREE-PaTH = 
MEAN-SQUARED ROSSF.LAnD MfAN-FR£ E-PATH = 1.87?42E*26 I PRIME s 


3-7906^E-It 
1 .07195E-1? 
?,4BR01E*24 



TOTAL OPACITIES AnU VOLUME EMISSION 


6 


TFMPEWATUPE » 1.60000E+03 C/H MASS RATIO 


0ME6A 

TOTA|. mu 

7.8i90bE*03 

1. 405256-12 

9 . 55663E* 03 

1.78038E-11 

1.1?942E*04 

6.097S3E-11 

1 .303186+04 

5. 365186-11 

1,476936*04 

1 .210876-1 1 

1 .65069E+04 

7. 112196-13 

1 .824456*04 

3. 393^66-14 

1 .99821E*04 

8.B3337E-14 

2.17196E*04 

2.79212E-13 

2.34572E*04 

6.57383E-1J 

2.5l948E*04 

1 .072586-12 

2.69323E*04 j 

1.2777SE-12 

2.8fe699E*04 

1 • 09833E- 12 

3.040756*04 

6.7836BE-13 

3.21 450E*04 

3.09175E-13 

3.38826E*04 

1 *319396-13 

3.56202E+04 

1.24746E-11 

3.7357BE+04 

1.81182E-09 

3.9 0 953E*04 

4.53947E-0? 

4.0R329E*04 

6. 344a3E-05 

4.25705E+04 

2.387A3E-03 

4.4308OE+O4 

2.3O6S0E-02 

4 #6f)456E*04 

5.70834E-02 

4.778326+04 

3.61916E-02 

4.95207E+04 

5.878i‘9E-03 

5. 125836+04 

2 .452 ji0E-04 

5.29959E*04 

1 .857776-05 

5.47335E+04 

2.18947E-04 

5.647lOE*04 

1 »654e;7E«0 3 

5.8?086E+04 

6 . 8861 2E-0J 

5.99462E+04 

l.579?2E-02 

6,I6837E*04 

2.04045E-02 

6.34213E+04 

2.487396-02 

6.5l 589E+04 

7.512166-02 

6.6R964E+04 

1 .169426-01 


J Iotal = 


5.00000E-02 

PRESSURE = 

5.00000E*02 

B (W.T) 
5.038366*03 

7 

J 

07738F-09 

1.926116*03 

3 

4?9?0F-fl8 

6.66323E*02 

4 

06292E-0R 

2*l4b5lE*02 

1 

151WF-0B 

6.546626*01 

7 

9?7 ) OE-1 0 

1.9lS78E*01 

1 

362S4E-11 

5,422o0E*OO 

1 

8398RF-13 

1 .493 1 4E*00 

1 

3l 895E-T 3 

4 t Ol933E-»01 

1 

12224F-13 

1.06131E-01 

6 

97685F* 1 4 

2.75651E-02 

2 

95657F-14 

7.05776E-63 

9 

01802E-15 

1.78459E-03 

1 

96007F-15 

4.46291E-04 

3 

02749F-16 

1.10&18E-04 

3 

4l 6966-17 

.2.712936-05 

3 

5794PF-18 

6.60 7 1 3E-06 

8 

242176-17 

1.597656-06 

2 

89467F-15 

3.83623E-07 

1 

74235F-13 

9, 16649E-08 

5 

815616-1? 

2.17728E-08 

5 

198546-11 

5.14S79E-09 

1 

18687F-10 

1 .21056E-09 

6 

9l 027E-1 1 

2.83571E-10 

1 

0?629E.ll 

6 .61 628E-1 1 

3 

8891RF-T3 

1.53802E-U 

3 

77153F-15 

3 .562966-12 

6 

6] 9l 5E-V 7 

8.22733E-13 

1 

80135F-16 

1.89406E-13 

3 

H385F-16 

4.34804E-14 

2 

994 1 2F-1 6 

9.95480E-15 

1 

57208F-16 

2.27340E-15 

4 

63877F-17 

5.17948E-16 

1 

28834F-1 7 

1 .17738E-16 

8 

84468F-T8 

2.67068E-17 

3 

12314F-18 


1.64327E-04 


PLANCK mean opacity = Wi9178E-1i MEaN-SQUaREO PLANCN mEam OPACITY = 9.04R48E-16 
ROSSELANU MEAN-FREE-PaTh = 4./5J55E*ii 1/rOSSELANo' MEAN-FREE-PATH = ?, 103*96-1? 
MEAN-SQUARED ROSSELANU MeAN-FHEE-PATH = 1.5Rr34E*24 I PRIME = 3.3104«E*24 



IT- 


TOTAL OPACITIES ANO VOLUME EMISSION 


O 


TEMPERATURE * 1 »6OOO0E*O3 C/h MASS RATIO = b.00000t-03 PRESSURE 3 1.00000E*03 


OMEOA 

total MU 

7 • 8 1 9 0&E 4 03 

1.27621E-I4 

9.55b63E*03 

6.73598E-14 

1.1?942E*04 

2.1201 IE-13 

1.3o318E*0* 

1 .85347E-I3 

1 .47693E+04 

4.3O305E-14 

} .65069E*04 

3.655?3E-1& 

1 .8?44SE+04 

2.36099E-IS 

1.9R821E+04 

8.70059E-1& 

2.l7l96E*04 

2.75139E-I4 

2.34S72E+04 

6.43896E-14 

2.5l948E*04 

1.O5606E-U 

2.6g323E*04 

1 • 259o6E- 1 3 

2.86699E+04 

1 ,082?i3E-l3 

3.04075E*04 

6,683n2E-14 

3.21450E+04 

3.02237E-14 

3.3B826E*04 

9.65244E-1S 

3.56202E+04 

1 .07203E-I3 

3.73578E*04 

1.09833E-I0 

3#9()953E*04 

6.O2801E-O8 

4.08329E*04 

8.858p5E-0b 

4.25?05E*04 

3.340A3E-04 

4.4308OE*04 

3.22736E-0 3 

4 «6o456E + 04 

7.987*1 E-03 

4.77B32E*04 

5.064HE-03 

4.95207E+04 

8.2H5o6E-04 

5.12583E*04 

3.42289E-0S 

5.29959E*04 

5.22307E-0 f 

5.4733BE+04 

2.15987E-08 

5.64/lOE*04 

1 .630p4E-0S 

5.82086E*04. 

6.78943E-05 

5.99462E*04 

1 . 564q3E-04 

6.1fiB37E*04 

2.60093E-04 

6.34213E+04 

1.67649E-03 

6.5l589E*04 

9.82H3E-03 

6.6P964E*04 

1 .6l9?oE-02 



J 

5 . O3&36E*03 

6.4?748E-U 

1.92bllE*03 

1.29742E-10 

6,66323E*02 

1.4I268F-10 

2,14S51E*02 

3.9766SE-11 

6.54b6?E*01 

2.81704F-12 

1.9lb78E*01 

7.00225E-U 

5.42200E*00 

1 .2801 3F"?4 

1,49314E*00 

1.29912F-U 

4.0I933E-01 

1 » 1 f)587F-l 4 

1 .06131E-01 

6.83371F-15 

2.75bSlE-02 

2.9i 103E-1S 

7.05776E-03 

8.88612F-I6 

1.78459E-03 

1 »93098F“l6 

4.46291E-04 

2.98257F-T7 

1.1O51BE-04 

3.34027F-18 

2.71293E-05 

'2.61064F-19 

6.60713E-06 

7.08306F-19 

1.59T65E-06 

1.75475E-1A 

3.83823E-07 

2t3l399E"i4 

9.16649E-08 

8.12045F-13 

2.17?28E«08 

7.27347E“12 

5.14579E-09 

1 .66073F.fi 

1 .21056E-09 

9.6ft921F-iH 

2.B3S7lE-iO 

1.41603F-12 

6.6Ib20E-U 

5.44193E-14 

1 .53802E-H 

5.26447F-16 

3.56296E-12 

1 .8A096F-18 

8.22733E*13 

1 .77700F-18 

1.89406E-13 

3.0R910F-18 

4.34804E-14 

2.95207F-18 

9.95480E-15 

1.5R746F-18 

2.2734QE-15 

5.91297F-19 

5.17948E»16 

8b6833*>E»19 

1.17738E-16 

1.1S632F-18 

2.67068E-17 

4.3?435E*19 


j Total x 7*1^1 i&E~o r 


PLANCK MEAN OPACITY - 5»?lS38t~H MEaN-SQUaRED PLANCK MEAN OPACITY » 
ROSSELANU MEAN-FREF-PATH x 5.12710E+13 1/ROSSELAND MEaN-F REE-PATH s 
MEAN-SQUARED ROSSELAnD MeAN-FREE-PATM S a. I 4fl99t*27 I PRIME = 


1 ,77l59E-l? 
1 .9BnA<iE-U 
4 • P7A96E *27 



total opacities and VOLUME EMISSION 


8 


TEMPERATURE = l.ft00OoE*03 C/H MASS 

RATIO * 1.00000E-02 PRESSURE = 


1 • 00000£*03 


omega 

TOTAL mu 

B(WfT) 


J 

7 

81 906E*03 

3.45948E-14 

b.03636E*0J 

1 

74232F-10 

9 

55b63E*03 

2.56U9E-U 

1.92bllE*0J 

4 

93370F.10 

1 

1?^42E*04 

8.4H90E-13 

6.66323E*02 

5 

60504F-10 

1 

30318E*04 

7.37840E-13 

2.14S51E*02 

l 

5R305F-10 

I 

4?693E*04 

1.68839E-13 

6,54b62E»0l 

1 

10533E-H 

1 

65069E* 04 

1.20943E-14 

1.91b78E*01 

2 

31701F-I3 

1 

82445E*04 

4« 79930E- 1 i* 

5.42200E*00 

2 

60218F-14 

1 

99821E+04 

1.742ftlE-l* 

1»49314E*00 

2 

60196E-U 

2 

17I96E+04 

5.510S8E-14 

4.01933E-OI 

2 

2l 4B8E-14 

2 

34572E*04 

1.289A3E-13 

1 .06I31E-01 

1 

3ft8ft9F"U 

2 

51948E+04 

2.11511E-13 

2.75651E-02 

5 

8l032E-ib 

2 

69323E+04 

2.52168E-13 

7.05776E-63 

I 

77974E-I5 

2 

86699E*04 

2.167I2E-13 

1.78459E-03 

3 

86743E-16 

3 

04075E*04 

1.33850E-I3 

4.46291E-04 

5 

97360E-I7 

3 

2 1 450E+ 04 

6.05342E-14 

1.I0&18E-04 

6 

69014F-18 

3 

3B826E+04 

1 .96773E-14 

2.71293E-05 

5 

33B32F-I9 

3 

56202E*04 

3.32173E-13 

8.607l3E"0b 

2 

19471E-18 

3 

73578E*04 

2 .301 ftIE-10 

1 .59765E-06 

3 

67718E-16 

3 

9o953E*04 

1 .20905E-07 

3.83B23E-07 

4 

64061E-I4 

4 

08i29E*04 

1.77332E-06 

9,16649E'*08 

l 

6?55?F-12 

4 

2?705E*04 

6.68683E-04 

2.17728E-08 

1 

4S586E-1 1 

4 

430B0E*04 

6,459 R 9E-03 

5.14&79E-09 

3 

32412E-T1 

4 

&0^56E*04 

1.&9876E-02 

1.21056E-09 

1 

93539F-11 

4 

77«32E*04 

I.0l3ft3E-02 

2 » 83^71 E *1 6 

2 

07437F-1 2 

4 

95207E*04 

I.84633E-03 

6.61628E-11 

1 

08926E.I3 

5 

1?583E*04 

6.B52q5E-0b 

1.53802E'*11 

1 

05394F-1 5 

5 

29959E+04 

1.36237E-09 

3.56296E-12 

4 

s^oge-is 

5 

4733SE+04 

8.B6647E-0O 

B.22733E-13 

7 

13019F-18 

5 

647l0E*04 

6.545s7E-0b 

1 .89408E-13 

1 

23977F-17 

5 

8?086E*04 

2.724S5E-04 

4.34B04E-14 

1 

1R4A5F-17 

5 

99462E*04 

6.26283E-04 

9.954B0E-15 

6 

23452F-18 

6 

16837E*04 

9.15Bq1E-0* 

2.27340E-15 

2 

0R21 9F-18 

6 

34213E*04 

3.625r5E-03 

5.17948E-16 

I 

87800E-I8 

6 

5] 589E+04 

1.973q4E-02 

1.1773BE-1G 

2 

32408E-18 

6 

6R964E+04 

3 ,230q4E-02 

2 .67068E*’! 7 

8 

62879F.19 



J IoTAL a 2.5S3&4E-06 



PLANCK MEAN OPACITY * 1 

•851 9SE-1 3 

MEaN-SUUaRED plancn mean opacity 

a 

7.09775E-1? 

ROSSELanU MEAN-FREE-^aTh 

0 1.83742E+13 

i/ROSSELAND MEaN-FREE-PATH 

3 

5 • 44?4 1 E**l 4 

mean- 

SQUARtO ROSSELAND 

MeAN-F«EE-PATM a 

5.723B8E+26 * PRIME 

3 

ft ■ 0985 IE *28 



total opacities AnU volume EMISSION 


9 


o 


LO 


TEMPE«ATUHE = 1.60000E+03 C/h MASS RATIO 


OMECiA 

TOTAL mu 

7 • B 1 906E*03 

5.511q3E-13 

9.55663E*<>3 

6.34214E-12 

1.12942E*o4 

2.15939E-11 

1 .3o3lflE*04 

1.899?1E«11 

1.47693E*04 

4.29449E-12 

l .65069E*04 

2.S9907E-13 

1.8?4*5E*04 

2. 72633E-14 

1 *99021 E*04 

8.83336E-14 

2*17196E*04 

2.79298E-U 

2.34&72E+04 

6.S3666E-13 

2.5l948E*04 

1.07203E-12 

2.69323E*04 

1 ,278n9E— 12 

2.86699E*04 

1.09839E-12 

3.04075E*04 

6, T8409E-13 

3.2l450E*04 

3,068S7E-li 

3*38026E*O4 

1.14048E-I3 

3i5fc202E*04 

6.55399E-U 

3.73578E»04 

1.S90R2E-09 

3.9 0 953E*04 

6.20525E-0 f 

4.08329E*04 

B.96574E-06 

4.25?05E*04 

3.378A8E-03 

4.43080E*04 

3.26404E-02 

4 • 6o456E*04 

8.07B?8E-02 

4.77B32E*04 

5.12166E-02 

4.95207E+O4 

ft.3l0ci5E-O3 

5.12S83E*04 

3.46749E-04 

5.29959E*04 

1 .992e;2E-0b 

5.47335E*04 

2.22519E-04 

5,64710E*04 

1 .6H094E-0J 

5.02O86E*O4 

6.99651E-03 

5.9946PE*04 

1 .60536E-02 

6.16037E*O4 

2 . 092?7E«02 

6.34213E*04 

2.96581E-02 

6.5l589E*04 

1 .04056E-01 

6.6B964E*04 

I »645q6E-0l 


J JoTAL a 


S.00000E-02 

PRESSURE = 

1 »00000E*03 

B(»*T) 

5.03936E*03 

2 

J 

,776nlF-09 

1.92611E*03 

1 

.22156E-0B 

6,66J23E*02 

1 

.4388SF-08 

2.14S51E*02 

4 

,07479F-09 

6,54662E + 0I 

2 

.01144E-1O 

l,9lS78E*01 

4 

.97925F-12 

S.422ooE*UO 

1 

• 47822F—1 3 

I.49314E*00 

1 

.3189SF-13 

4.01^33E-01 

1 

.12259F-13 

1 .06131E-OI 

6 

•93740E-14 

2.75651E-02 

2 

.9S508F-U 

7,05>76E-y3 

9 

.02045F-15 

1.78459E-03 

1 

.96017F-15 

4.46291E-04 

3 

.02767F-16 

l.lOMBE-04 

3 

.391 33F-17 

2.71293E-0& 

3 

.09404E-1B 

8«6oTl3E"06 

4 

.33031E-17 

1.59765E-0b 

2 

.541S8E-15 

3.83023E-67 

' 2 

.38172E-V3 

9.16O49E-08 

8 

.21844F-I2 

2.17728E-08 

7 

» 3S633F-11 

5.I4S79E-09 

l 

* 67961 F“l 0 

1.2I056E-09 

9 

.7791 OF-11 

2.83S71E-I0 

1 

•45235F- 1 1 

6,61 628E"1 1 

5 

.50379F-13 

1.530O2E-H 

5 

•33336F-15 

3,56296E-12 

7 

.09928F-17 

8.22733E-13 

1 

.83074F-16 

1 ,89406E*I3 

3 

.18380F-16 

4.340O4E-14 

3 

•04211F.T6 

9.954R0E-15 

1 

.5981 IE-16 

2,27340E*1S 

4 

.75657F-17 

5.17948E-I6 

1 

.53613F-17 

1.17738E-18 

l 

.2P514F-17 

2.67068E-17 

4 

.39475F-18 


5 »92S88E”05 


PLANCK MEAN OPACITY = 4.?9T74E~1? MEaN-SuUaREO PLANCn MEAN OPACITY a 1»fil?10E-ls 
ROSSELANO MEAN-FREF-PaTh = 1.15494E+12 i/ROSSELANL)' MEaN-FREE-PATH = B.65B47E-13 
MEAN-SUUARtn ROSSELAnD Me AN-FHEE-PATH = i,90934fc*24 I PRIME = ft.33644E.24 
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TOTAL OPACITIES AND VOLUME EMISSION 10 


TEMPERATURE * 2.20000E*03 

C/H MASS RATIO = 

b.00000t-03 

PRESSURE = 

1 ,OOOOOE*02 

OMEGA 

tota l mu 

Btw» T) 


J 

7.Hl90t>E*03 

1.S3285E-07 

3,44477E*04 

5 

28031F-03 

9.55663E*03 

1.503R2E-0P 

2.01055E+04 

3 

0?350F-n? 

1.1?942E*04 

4.453 n 7F-06 

1,06385E*04 

4 

73826F-02 

1 .3o3I8E*04 

3.9825OE-06 

5.24J56E*03 

2 

08825F-0? 

1 .47693E*04 

1 . Q75^7£-l)8 

2.44977E*03 

2 

8351 RE-03 

\ .65069E+04 

8.78478E-08 

1 ,09775E*03 

9 

64352F-05 

l.82445E*04 

2.33949E-09 

4,75 752E*02 

1 

U301F_06 

1.9<?821E«04 

5. 761f0E-10 

2.00826E*02 

1 

15591F-07 

2»17196E*04 

1 «484r5E-09 

8,27008E*0 1 

I 

22773F-07 

2.34572E*04 

5.53474E-09 

3,34398E*01 

l 

85081F-07 

2.5\948E*04 

5.33347E-09 

1.33000E*OI 

7 

09350F-08 

2»69323E*04 

5.542*6E-09 

5.21466E*00 

2 

89026F-08 

2.B6699E*04 

4.95410E-09 

2,0l9l4E*O0 

1 

00031F-08 

3«04075E*04 

3.25753E-09 

7.73240E-01 

2 

5188RF-09 

3* 2l 4B0E+04 

3.0282IE-09 

2.93224E-01 

8 

87945F-10 

3.38826E*04 

7.06205E-10 

1.10223E’’01 

7 

784nlF-ll 

3.56202E*04 

5.575V9F.-09 

4.11O69E-02 

2 

291 79F-I 0 

3» 73&78E + 04 

2,7l947E-0? 

1.52213E-02 

4 

13939F-09 

3.9 0 9S3E+04 

8.29638E-08 

5.59976E-03 

4 

64577F-08 

4.08329E+04 

3.702?8E-04 

2.04790E-03 

7 

58191F-07 

4.25705E+04 

8.576?7E-03 

7.44884E-04 

6 

38833F-06 

4.43080E+04 

6.27692E-02 

2.69585E-04 

1 

69216F-85 

4«6o^56E*04 

1.39I72E-0I 

9,71 1 73E®05 

1 

35160E-05 

4.77832E»04 

9.32445E-02 

3,4837lE-05 

3 

24836F-0B 

4 .95207E *04 

1.887ft4E-02 

I.24469E-05 

2 

34953F-07 

5.l2b83E*04 

1.159I3E-03 

4.43076E-06 

5 

13581F-09 

5.29959E+04 

6.621i4E-0S 

1.57l8oE-08 

1 

040 74E-1 0 

5.47335E*04 

3,624r6E-04 

5.55792E-67 

2 

01451F-10 

5.64710E+04 

1 *94Ip3E-03 

1 .95937E-07 

3 

Br>495F-i0 

5.82086E*04 

5.934Y7E-03 

6,88786E'*i>8 

4 

08737E-10 

5 • 99462E *04 

1 .Q265IE-02 

2,41 48f>E*0B 

2 

47888F -1 0 

6.16837E+04 

1.34643E-02 

8,44bo7E*’09 

1 

13707F-10 

6.34213E*04 

4.43328E-02 

2.94633E-09 

1 

30619F-10 

6 «5l 589E*04 

2.040S2E-0I 

1 o02&61 E"t>9 

2 

09277F-10 

6.6fl964E*04 

2.94872E-0I 

3.56249E-I0 

1 

05048F-1 f) 


J ioTAL * 1.85146E*02 


PLANCK MEAN OPACITY * 1 .4245B£-0ft MEaN-SUUaRED PLANCi\ MEAN OPACITY » 4.87e54E«li 
ROSSELanO MEAN-FREE"MaTH = 1.9R219E*07 i/ROSSELANO' ME aN-FREE-PATH = s»04497E-0r 
MEAN-SQUARED ROSSFLAnD MpAN-FHEE-PATM 's.2,0H22E*16 I PRIME * 4.73?r7E*1f 
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TOTAL OPACITIES AND VOLUME EMISSION 


11 


TEMPERATURE = 2.2000OE»0l C/H MASS RATIO = l.OOOOOE-O? PRESSURE = 1.00000E+02 


OMEGA . 

TOTAL MU 

fl(W,T> 

J 

7*8190 6E *03 

6.02547E-07 

3 .44477E *04 

2.07564E-0 2 

9.55663E*03 

5.917S9E-06 

2 • 01 055£*04 

1 .18978F-01 

1 . t?942F*04 

1 . 75276E-05 

1 ,063HSF*04 

1.8A487E-01 

1 .3o3lflF*fl4 

1 .SA726E-05 

5 .24356E* 03 

0.218O5F-O? 

1 .47693E*04 

4.233p6E-06 

2.44977E*03 

1 .03700F-02 

1 . 65069E* 04 

3.4S5S0E-07 

1.0977SE*03 

3.79329E-04 

1 .82445E+04 

8.86479E-09 

4.757S2F *02 

4 . 2 j 744F-06 

1 .99B21E*04 

1 . 1R618E-09 

2.00626E+02 

2.379R0F-07 

2 • I 7 1 96E*04 

2.98245E-09 

8.27006E+01 

2.4R650F-07 

2.34S72E*04 

1.148A4E-0B 

3.34398E*01 

3.84037E-07 

2.51948E+04 

1.13717E-0B 

1 .33000F *01 

1.51270F-07 

2.693?3E*04 

1.11 170E-08 

S,21466E*00 

5.79715F-08 

2.86699E+04 

9.82138E-09 

2.0191 4E*00 

1 .98308F-0R 

3.04075E*04 

6.461?lE-09 

7.73240E-01 

4.996O6F-09 

3*21 450F+04 

6.03677E-09 

2.93224E-01 

1.77013F-09 

3.38828E+04 

1 .63109E-09 

1.10223E-01 

1.79784F-10 

3.56202E*04 

2.1S6A8E-08 

4.11 069E-02 

8. 86545F-1 0 

3.7357HE«-04 

1.03727E-06 

1.5221 3E-02 

1 .57887F-0B 

3.9o953E*04 

2.408S3E-0S 

5.59976E-03 

1 .34872F-07 

4.0R329E+04 

7.692S8E-04 

2.04790E-03 

1 .57537F-06 

4.25705E*04 

1 .704S3E-02 

7.44884E-04 

1.28968F-05 

4 .43080E ♦04 

1 .24408E-01 

2.69585E-04 

3.353B5F-05 

4 .6o456F*04 

2.7S792E-01 

9.71 1 73E-05 

2.67842E-05 

4.77832E*04 

1 .84779E-01 

3.48371E-C5 

6.4371SF-06 

4 .9S207E *04 

3.740R4E-02 

1 .24469E-05 

4.6S619F-07 

5. 1?5H3E*04 

2.306HE-03 

4.43076E-06 

1.0217BF-08 

5.29959E+04 

2. 18606E-04 

1.57180E-0b 

3.43605F-10 

5.47335E*04 

1 .42406E-03 

5.55792E-07 

7.91 479F-1 0 

5«b47loE*04 

7.631T8E-03 

1 .95937E-07 

1 .49523F-09 

5.820B6E*04 

2.331UE-02 

6.8R786E-08 

1.60564F-09 

5.99462E*04 

4.0P069E-02 

2.41486E-08 

9.70794F-1 0 

6 • 1 b837E *04 

4.849Q9E-02 

8.44507E-09 

4 • 0958SF** 1 0 

fe» 3421 3E *04 

1 . 04222E-0 1 

2.94633E-09 

3.07071F-10 

6.5l589E*04 

4.474S6E-01 

1 .02561E-09 

4.5R914F-10 

b.6R964E*04 

6.06936E-01 

3.58249E-10 

2.18220F-10 


j total = 

7 ® 284 18E* 02 



PLANCK MEAN OPACITY = R. *047 1 E-Ofi MFAN-SUUaRED PLANCK MEAN OPACITY 
ROSSELAND MFAN-FREF“PATH = 7.808s?F. + 0b 1/ROSSELAND MEAN-F REE-P ATH 
MEAN-SOUARED ROSSFLAND MfaN-FRFE-PATH = 4.39<S23E*1R I PRIME 


?.44A78E-lft 
1 .?Rfl65F-07 
1 «fU?i OF+lA 
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total opacities and volume EMISSION 


1? 


o 


TEMPEHATURF. = 2 » 20000E + 
OMEGA 

7.81 906E+03 
9.55863E+03 
1 . 1?942E*04 
1 . 3031BE*04 
1 ,47693E*04 
1 .65069E*04 
1 .H2445E+04 
1.99B21E+04 
2.17196E+04 
2.34572E*04 
?.5)948E*04 
2 » 69323E+04 
2.86699E+04 
3.04075E*04 
3.2l450E*04 
3.38826E*04 
3.56202E*04 
3.73578E+04 
3.9 q 953E*04 
4.08329E+04 
4.25705E+04 
4.43080E+04 
4«6o456E*04 
4 • 77832E+04 
4.9S207E+04 
5.12583E+04 
5.29959E*04 
5.47335E+04 
5.647 1 0E + 04 
5.82086E*04 
5.99462E+04 
6 • 1 6837E*04 
6.34213E+04 
6.51 589E* 04 
6.6fi964E*04 


3 C/H MASS RAT 10 = 

TOTAL MU 
1.33267E-05 
1 .30992E-04 
3.8801 5E-04 
3.469R4E-04 
9.37074E-05 
7.64672E-06 
1.90190E-07 
7.13935E-09 
1.87400E-08 
1.22165E-07 
1.60819E-07 
6.984S6E-08 
4.63960E-08 
3.06349E-08 
2.98890E-08 
1 .65828E-08 
4.71 064E-0 7 
2.23304E-05 
3.80647E-04 
4.B3802E-03 
8.12809E-02 
5.81 ISIE-Ol 
1 .28676E+00 
B.62080E-01 
1 .74590E-01 
1.10779E-02 
4.065S6E-03 
3.1 2404F.-02 
1.67526E-01 
5.11695E-01 
8.8n265E-0l 
9.89014E-01 
1 .06670E+00 
3.63496E+00 
3.7 09 f,4E + 00 

j total = 1 


5. OOOOOE-02 PRESSURE = 

HLW.T) 

3 .444 77£ 4 04 
2.01 055E*04 
1 .063HSE*04 
5.243S6E*03 
2.44977E*03 
1.09775E+03 
4 . 75752E *02 
2.00626E+02 
8,27006E*01 
1.34398E*01 
1 .33000E+01 
5.21 466E *00 
2.0191 4E*00 
7.73240E-01 
2.93224E-01 
1.10223E-01 
4,1 1069E-02 
1.52213E-02 
5.59976E-03 
2.04790E-03 
7.44884E-04 
2.69585E-04 
9.71173E-05 
3.4B371E-05 
1.24469E-05 
4.43076E-06 
1 .57180E-06 
5.55792E-07 
1.95937E-07 
6.88786E-08 
2.414R6E-08 
8.44507E-09 
2.94633E-09 
1 .02561F-09 
3.56249E“10 

6121RE+04 


PLANCK MEAN OPACITY = l.?4047E-04 MEaN-SQUaRFD PLANCK mFAN OPACITY 
ROSSELAND MEAN-FREF-PATH = 1 . 0?6?3E + 06 i/posseland mean-free-path 
MEAN-SQUARED ROSSFLANO MFAN-FREE-PATH = 1.16S57E+14 I PRIME 


1 .OOOOOE*0? 

J 

4.59076F-01 
2 . 63366F *00 
4.1 2791 F* 0 0 
1 .81928F+00 
2.29562F-01 
B.39421F-03 
9.04830F-05 
1 .43234F-06 
1.54981F-06 
4.0851 6F-06 
*2.1 3RR9F-06 
3.64221F-07 
9. 36803F-08 
2.36881F-08 
8.76418F-09 
1 .827R1F-09 
1 .93640F-08 
3.39B99F-07 
2.13153F-06 
9.90780F-06 
6.05448F-05 
1 .56669F-04 
1 .24966F-04 
3.00323F-05 
2.1731 1F-06 
4.90837F-08 
6. 39022F— 09 
1.73632F-08 
3.28244F-08 
3.52448F-08 
2.12571F-08 
8.3S229F-09 
3.142B4F-09 
3»7?804F-09 
1 .3P155F-09 


= 3.R6210E-08 
= 9.74443E-07 
= ?.77nl5E*U 
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TOTAL OPACITIES AND VULIJME EMISSION 


13 


TEMPERATURE = 2.20000E+03 C/H MASS RATIO = 5.00000E-Q3 PWFSSURE = 5.00000E*0? 


OMEGA 

TOTAL MU 

7.H1906F+03 

1 .466?7F_-0B 

9.55663E* 03 

1 .408R4E-07 

1 . 12942E+04 

4.16609E-07 

1 .3o318E«04 

3.72471E-07 

1 .47693E«04 

1 .00664E-07 

1 .6S069E*04 

8.2941 2E-09 

1 .B?445E*04 

3.8H97E-10 

1 .99821E+04 

5.64914E-1 0 

2.1 7 196E ♦ 04 

1 .50785E-09 

2.34572E*04 

4.20213E-09 

2.5T948E*04 

5.02591E-09 

2.69323E+04 

5.61 1S9E-09 

2 « 86699E *04 

4.97301E-09 

3.04075E+04 

3.27593E-09 

3.21450E+04 

2.26645E-09 

3.3R826E*04 

6. 151 42E-1 0 

3 < 56202E ♦ 04 

1 .29039E-09 

3.73578E+04 

9.08478E-08 

3.9o953E-*04 

1 .08293E-05 

4.0R329E+04 

8.08734E-04 

4.2S705E*04 

1.95591E-02 

4.43080E+04 

1 .43520E-0 1 

4.60456E+04 

3.1B2S9E-01 

4 • 77832E *04 

2. 13234E-01 

4.95207E*04 

4.316S2E-02 

5.125H3E*04 

2.64377E-03 

5.29959E+04 

9.34848E-05 

5.47335E+04 

3.48063E-04 

S.64710E+04 

1 .72078E-03 

5 • B?086E*04 

5.24672E-03 

5 • 99462E +04 

9.94731E-03 

6»lf?837E + 04 

1.68R02E-02 

6.34213E+04 

9.138B3E-02 

6.51 509E+O4 

4.26004E-0I 

6.68964E+04 

6.57059E-01 


j total 


B(W,T) j 


3.44477E*04 

5.05096F-04 

2.01 0SSF*04 

2.832S3F-03 

1 .063FI5F. + 04 

4.4321 1F-03 

5.24356E*03 

1 .9S30fiF~03 

2.44977E+03 

2.46603F-04 

1 .09 7 75E*03 

9.10490F-06 

4.75752E+02 

1 .81 355E-07 

2.006?6E*02 

1 .13337F-07 

8.27006E*01 

1 .24700F-07 

3.34398E*01 

1 .4051 8F-07 

1 .33000E*01 

6.68445F-0B 

5.21466E+00 

2.92625F-08 

2.01914E*00 

1 .00412F-08 

7.73240E-01 

2.53308F-09 

2.93224E-01 

6.64577F-10 

1 .10223E-01 

6.78028F-11 

4,11 069E-02 

5.30441F-11 

I.52213E-02 

1 .382R7F-09 

5.59976E-03 

6.06415F-0R 

2.04790E-03 

1 .6S621F-06 

7.44884E-04 

1 .45693F-05 

2.695R5E-04 

3.069fi8F-O5 

9.71 173E-05 

3.090R5F-05 

3.48371E-05 

7 . 47844F-06 

1.24469E-05 

5.37274E-07 

4.43076E-06 

1.17139F-08 

1.57180E-06 

1.46939F-10 

5.55793E-07 

1 .934S1F-10 

1.95937E-07 

3.37163F-10 

6.88786E-08 

3.613B7F-10 

2.41 486E-0 8 

2.4021 3F-10 

8.44507E-09 

1 .4P047F-10 

2.94633E-09 

2.69260F-10 

1.02561E-09 

4.3691 3F-I0 

3.56249E” 1 0 

2. 34077F”! 0 

75026E+01 



PLANCK MEAN OPACITY = 1.3467?E-07 MEaN-SUUaRED PLANCK mFAM OPACITY = ? . 3 1 1 1 5E- 1 o 
ROSSELANl) MFAN-FREF-PATh = 7.50888E+07 1/ROSSFLANO MEaN-F REE-P ATH = 1.33176E-0R 
MEAN-SQUARED ROSSFLAND MpAN-FRFE-PATH = 1.03436E+17 I PRIME a ?.?1?40E*17 
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TOTAL OPACITIES ANl) VO[ IJMF FMISSlON 


14 


TEMPERATURE s 2.20000E+03 C/H MASS PATIO = 1.00000E-02 PRESSURE = 5.00000E+02 


omega 

total mij 

7.Hl906F*03 

S.H09T9F-0H 

9.5S663E+03 

5.645R0E-07 

1 .1?942E*04 

I .67096E-06 

1 .3031BE+04 

1 .49403E-06 

1 .47693E*04 

4.0364SF-07 

1 .65069E+04 

3.309f,3E-08 

1 .8?445E*04 

1 . 16978F-09 

1.99821E+04 

1.134S5E-09 

2.17196E+04 

3.0 1 9^3E-09 

^'2. 34S72F ♦ 04 

8.41796E-09 

2.5l 948E+04 

1.00692E-08 

2.69323E*04 

1. 123F7E-08 

2.H6699F+04 

9.95622E-09 

3.04075E+04 

6.559f)0E-09 

3.2T450F*04 

4.54095E-09 

3.3R826E+04 

1 .26046E-09 

3.56202E+04 

4.7SO?6E-09 

3.73578E+04 

2.88748E-07 

3.9o953E*04 

2.331?0E-05 

4.0B329E+04 

1 .625f,9E-03 

4.25705E+04 

3.91425E-02 

4 o 430ROE* 04 

2.87143E-01 

4«6o456E+04 

6.36738E-01 

4.77832E+04 

4.26614E-01 

4.95207E+04 

8.6360GE-02 

5.1?583E*04 

5.296R3E-03 

5.29959E+04 

2.76346E-04 

5.47335E+04 

1.39231E-03 

5.64710E»04 

6.8B5i2F-03 

5.82086E+04 

2.09514E-02 

5.99462F>04 

3.931fi8E*02 

6# 1 6837F ♦ 04 

5.61971E-02 

6.34213E+04 

1.985S7E-01 

6.51 5R9E+04 

R.62363E-01 

6.6R964E+04 

1 « 31 030F + 00 


j Total 


B < W ♦ t ) 

J 

3.44477E*04 

2.001 1 4F-03 

2.01 055E*04 

1.13512F-02 

1 .063H5E+04 

1 .7776SE-02 

5.24356E *03 

7.83404F-03 

2.44977E*03 

9.8R837F-04 

1 .0977SE+03 

3.6331 6F-05 

4.7S75?E*02 

5.56525F-07 

2, 00626E+02 

2.27620F-07 

B.27006E+01 

2.49700F-07 

3.34398E*01 

2.8149SF-07 

1.33000E*01 

1.33921F-07 

5.21 466E*00 

5.8S9O5F-08 

2.0191 4E*00 

2.0T030F-OR 

7.73240E-01 

5.0716RF-09 

2.93224E-01 

1.33152F-09 

1 .10223E-01 

1 .3R932F-10 

4.11069E-02 

1 .9S268F-10 

1 .5221 3E-02 

4.3951 3F-09 

5.59976E-03 

1 .30542F-07 

2.04790E"03 

3.32926F-06 

7.44884E-04 

2.91566F-05 

2.69585E-04 

7.74095F-05 

9.71173E-05 

6.1R383F-05 

3.48371E-05 

1.4R620F-05 

1 .24469E-05 

1 .07492F-06 

4.43076E-06 

2.34690F-08 

1.571B0E-06 

4 • 34359F- 1 0 

5.55792E-07 

7.73837F-10 

1.95937E-07 

1.34905F-09 

6.88786E-08 

1 .4431 OF-09 

2.414R6E-08 

9.49444F-1 0 

8.44507E~09 

4.7458RF-10 

2.94633E-09 

5.8P01 3F-10 

1.02561E-09 

8.84448F-1 0 

3.56249E-10 

4.66793F-I0 


6.981 1 1E + 01 


PLANCK MEAN OPACITY = S.?715?t-07 MEaN-SUUaPED PLANCK mFAM OPACITY = Q,?Sf02£-ln 
ROSSELAND MF AN-FREF-PaTH = 2.41795F+07 1/ROSSELANO ME AN-FREE-PATH = 4.13S74E-0R 
MEAN-SQUARED POSSFLANO Mf AN-FREE-PATH = 1 .3B305E+ 1 ft I PRIME = 2.96992E+1* 
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total opacitifs and vuuimf EMISSION 


15 


TFMPFWATUHE = 2.20000E*01 C/H MASS 

RATIO = 5.00000E.-02 PRESSURE = 

5 « OOOOOE* 0? 


omega - 

TOTAL MU 

B(W.T) 


7. 

8 1 906F *03 

1 .47023E-06 

3.444 77E*04 

5.06460F-02 

9. 

55&63E*03 

1 .44216F-0S 

2.01 OSSE *04 

2.899^4F-01 

1 . 

1 ?942E ♦ 04 

4.271 ?2F-0b 

1.0638SF*04 

4.5439=;F-01 

1 . 

3(1 31 BE *04 

3.81918F-05 

5.24J56E+03 

2.00261 F-0 1 

1 . 

47693E ♦ 04 

1 .031S7E-05 

2.449 77E*03 

2.5271 0F-02 

1 . 

65069E* 04 

8.42509E-07 

1 ,0977SE*03 

9.24867F-04 

1 . 

H2445F ♦ 04 

2.25510E-08 

4.75752E*02 

1 .07296F-05 

1 . 

99H2]E*04 

5.855?3E-09 

2.00626E*02 

1.17471F-06 

2. 

171 96E ♦ 04 

1.52528E-0H 

8.27006E*01 

1.26142F-06 

2. 

34572F.*04 

4.31 44 RE-O 8 

3 . 3439RE* 0 1 

1.4427SF-06 

2. 

51948E+04 

5. 185?0E-08 

1 .33000E* 0 1 

6.89630F-07 

2. 

69323E+04 

5.67276E-08 

5.21 466E*00 

2.9S81 6F-07 

2. 

86699F. ♦ 04 

5.01031E-08 

2.01914E+00 

1 .0116SF-07 

3. 

04075E+04 

3.30257E-08 

7.73240E-01 

2.5S367E-08 

3. 

21450E+04 

2.30051E-08 

2.93224E-01 

6.74564F-09 

3. 

3RB26E *04 

7.544I2E-09 

1 .10223E-01 

8 . 3i S37F-1 0 

3. 

56202E *04 

1 • 1 23R7F-0 7 

4.1 1069E-02 

4.61987E-09 

3. 

7357BF *04 

5.81519E-06 

1.52213E-02 

8 . 8 SISOF-O 8 

3. 

9fl953E* 04 

1 .84090E-04 

5.59976E-03 

1 .03088F-06 

A • 

0R329F+04 

8.4A5c;9E-03 

2.04790F-03 

1 .73367F-05 

A • 

25705E*04 

1 .967 36 E-O 1 

7.448R4E-04 

1 .46546F-04 

4 • 

430H0F'* 04 

1 .4401 RE+00 

2.69585E-04 

3.8R251F-04 

4. 

6o456F.*04 

3. 19321E+00 

9.71 173E-05 

3.10116F-04 

4. 

77832E+04 

2.13943E+00 

3.4H371E-05 

7 .4831 6F-05 

4 • 

95207E* 04 

4.331T1E-01 

1.24469E-05 

5.39091F-06 

5. 

1 ?583E* 04 

2.686A9E-02 

4.43076E-06 

1 . 19041E-07 

5. 

29959E+04 

5.0101 9E-03 

1.57180E-06 

7.87500F-09 

5. 

47335E + 04 

3.52141E-02 

5.55792E-07 

1 .9S718F-08 

5. 

647l0E*04 

1.7A210F-01 

1.95937E-07 

3.41 340F-08 

5. 

8?0«6F+04 

5.29775E-01 

6.88786E-08 

3.64901 F-08 

5. 

99462F+04 

9.88597E-01 

2.41 486E-08 

2»38732F-08 

6 . 

16H37E^04 

1.21 342E + 00 

8.44507E-09 

1 .02474F-08 

6 . 

34213E+04 

1 .89S(i5E ♦ 0 0 

2.94633E-09 

4.9941 8F-09 

6 . 

5 1 589F ♦ 04 

4.9S530F+00 

1 . 0256 1 E ” 09 

5.0821 9f~09 

6 . 

6r964E ♦ 04 

6.91 1S8F+00 

3.56249E-10 

2.46224F-09 



J IOTAL = 1.77651E+03 


PLANCK 

MEAN OPACITY = 1 

• 3669 1 E.-QR 

MFAN-SQUARFD PLANCK MEAN OPACITY 

= 2.36891E-0R 

ROSSFLAND ME AN-FREF-PATH 

= 2.000fl9E*06 

i/rosseland mean-free-path 

= 4.99978E-07 

MFAN-SUIlAREn ROSSFLAND 

MpAN-F’RF E-PATH = 

1 .97435E-* 1 4 1 PRIME 

= 4.63375E + H 
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TOTAL OPACITIES AND VULIJMF FMJSSION 


16 


a 


TFMPFHATUPE = ?.?OOOOE>(n C/H MASS RATIO = S. 00000E.-Q3 PRESSURE = 1.00000E*03 


OMEGA 

TOTAL MU 

7.81906F+03 

5.45648E-09 

9.55663F.*03 

5.036?0E-08 

1 . 1?94?F*04 

1 . 48466E-0 7 

1 .3031BE+04 

1 .32703F.-07 

1 • 47693E *04 

3.59066F-0B 

1 • 65069E ♦ 04 

3.0T054E-09 

1 .8?445E*04 

2* 5 ] 457F- 1 0 

1 .99821E*04 

S.649Q9E-10 

2 » 1 7 1 96E ♦04 

1 .51240E-09 

2.34572E+04 

3.8901 7E-09 

2.51948F+04 

4.97291E-09 

2.69323E+04 

5.62204E-09 

2 • 8f>699F *04 

4.96746E-09 

3.04075E*04 

3.27405E-09 

3.2]450E*04 

2.07939E-09 

3 » 38826E+ 04 

6.087R5E-10 

3.56202E+04 

7.6R3R4E-10 

3 • 73578F *04 

8 . 0 1 9] 6E-08 

3.9n953E+04 

1 .4M94E-05 

4.08329E+04 

1 • 1 4424E-03 

4 . 25705E ♦ 04 

2.77528F-0 2 

4.43080F+04 

2.03677E-01 

4 .60456F *04 

4.516ME-01 

4*77832F>04 

3.026] 5E-0 1 

4.95207F *04 

6.125R6E-02 

5.1 ?583E *04 

3.75036F-03 

5 • 29959F * 04 

1 .14206E-04 

5.47335E+04 

3.476S7E-04 

5*647] flE + 04 

1 .698R2E-03 

5.8?086E+04 

5.18919E-0J 

5 • 9946?E ♦ 04 

1 . 00659F- 02 

6. 16«37E*04 

1 .939R3F-02 

6 • 342] 3F *04 

1 .27079E-OI 

6 .51 589E *04 

6.02800E-01 

6 • 6R964F *04 

9.37517E-01 


B(rt.T) 

J 

3 . 444 77E 4 04 

1 .87964F-04 

2.01 055E*04 

1 .01255F-03 

1.06385E*04 

1 • 57946F-03 

5.24356E*03 

6.95839F-04 

2.44977E*03 

8.79630F-05 

1.09775E+03 

3.30483F-06 

4.7575?E*02 

1.19631F-07 

2.00626E *02 

1 .13336F-07 

R.27006E*01 

1 .25077F-07 

3.3439RE+01 

1 .300R7E-07 

1.33000E*01 

6.61 396F-08 

5.21 466E*00 

2.93171F-08 

2.019 14E 4 00 

1 .00300F-08 

7.73240E-01 

2.S3163F-09 

2.93224E-01 

6.09727F-10 

1 .10223E-01 

6.71022F-I1 

4.11069E-02 

3. IR859F-1] 

1 .5221 3E-02 

1 .22062F-09 

5.59976E-03 

8.1 8649F-08 

2.04790E-03 

2. 34330F-06 

7.44884E-04 

2.06726F-05 

2.695R5E-04 

5.490R3F-05 

9,7] I73E-05 

4.38644F-0S 

3.48371E-05 

1 .05422F-05 

1 .24469E-05 

7 .6?48] F-07 

4.43076E-06 

1 .66] 70F-08 

1 .57180E-06 

1.79508F-10 

5.55792E-07 

1 .93225F-10 

1.95937E-07 

3.3P802F-10 

6.887R6F-08 

3 . 57424F- 1 0 

2.414R6E-08 

2. 43076F-1 0 

8.44507E-09 

1 .63820F-10 

2.94b33F-09 

3.74418F-I0 

1 .02561E-09 

6. 1R236F-10 

3.56249E-10 

3.33990F-10 


j total = 6.43n53E*oo 


PLANCK MEAN OPACITY = 4.94789E-0R MFAN-SUUaRFD PLANCK MEAN OPACITY 
ROSSFLANO MEAN-FRFF-PATh = 1.45337F+08 1/ROSSFLANO ME an-frfe-path 
MEAN-SO tlAREO ROSSFLANO MRAN-F PRE-PATH - ?,24?07EM7 f PRIME 


4.65793E-10 

6.R8056F-0O 

4.60R06E+17 
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TOTAL OPACITIES ANU VOLUME EMISSION 


17 


TEMPERATURE = ?• 20000E + 03 C/H MASS 

RATIO = l.OOOOOE-02 PRESSURE = 

1.00000E+03 


omega 

TOTAL MU 

R(W.T) 

J 

7 

•B1906E*03 

2.11753E-0B 

3.44477E+04 

7 .29441 F-04 

9 

•55663E*03 

2.01608E-07 

2,01 055E* 04 

4.0S343F-03 

1 

• I ?942F *04 

5.957F.6E-07 

l.O6385F*04 

6.33807F-03 

1 

.3o318F*04 

5.32617E-07 

5.24356E*03 

2.79281F-03 

1 

.47693E+04 

1.439B3E-07 

2.44977E*03 

3.52725F-04 

1 

• f>5069E*04 

1.19099F-0H 

1 .O9775E*03 

1.30742F-05 

1 

.«2*45F*04 

6.48676E-10 

4,75752E*02 

3.086{i«F-07 

1 

.99B21E+04 

1.132R6E-09 

2.00626E+02 

2.2728 1 F-07 

2 

» 1 71 96E* 04 

3.029R0E-09 

8.27006E*01 

2.50566F-07 

2 

• 34572E ♦ 04 

7.7932BE-09 

3.34398E*01 

2.60605F-07 

2 

•51 948E+04 

9.96273E-09 

1.33000E*01 

1 .32564E-07 

2 

•69323E+04 

1 .12624E-08 

5.21 466E*00 

5.87295F-08 

2 

•86&99E*04 

9.950 95E-09 

2, 0191 4E *00 

2.009P4F-08 

3 

.04G75E*04 

6.558R2E-09 

7.73240E-01 

5.07154F-09 

3 

•21 450E*04 

4.16637E-09 

2.93224E-01 

1 • 2?1 68F-09 

3 

•38826E+04 

1.23138E-09 

1.10223E-01 

1.3R726E-1 0 

3 

.56202E+04 

2.61835E-09 

4.U069E-02 

1 . 07632E-1 0 

3 

•73578F^04 

2.14386E-07 

1.52213E-02 

3.26324F-09 

3 

•90953E+04 

3.00961E-05 

5.59976E-C3 

1.68531F-07 

4 

•08329E*04 

2.294S6E-03 

2.04790E-03 

4.69904F-06 

4 

•25705E+04 

5.55648E-02 

7.44884E-04 

4.13893E-05 

4 

•43080E+04 

4.07752E-01 

2.69585E-04 

1 .09924F-04 

4 

•6o456E*04 

9.04204F-01 

9.71I73E-05 

8.78139F-05 

4 

•77B32E+04 

6*058l 7E-01 

3.48371E-05 

2o 1 1 049F-05 

4 

•95207E*04 

1 •22636E-01 

1.24469E-05 

1 .5264SF-06 

5 

•12583E+04 

7.51535E-03 

4.43076E-06 

3.329R7F-08 

5 

• 29959E + 04 

3. 1R079E-04 

1 .57180E-06 

4.99955F-10 

5 

•47335E*04 

1.38872E-03 

5.55792E-07 

7 .7 j 839F- 1 0 

5 

•64710E*04 

6.78605E-03 

1.95937E-Q7 

1.32963F-09 

5 

• 82086E ♦ 04 

2.06496E-02 

6.887R6E-08 

1.42231F-09 

5 

• 99462E* 04 

3.935^3E-02 

2.4 1486E-08 

9.50373F-10 

6 

•16S37E*04 

6.09915E-02 

8.44507E-09 

5.IS078F-10 

6 

.3421 3E+04 

2.68474E-01 

2.94633E-09 

7.91012F-10 

6 

• 51 589E + 04 

1 •20692E«00 

1.02561E-09 

1 .237R2F-09 

6 

•6B964E*04 

1 .85638E+00 

3.56249E-10 

6.61335F-1 0 



J TOTAL = 2.52773E*01 


PLANCK MEAN OPACITY = 1 

. 94493E-07 

mean-squarfd Planck mfan opacity 

= 1 • R8S26E- OQ 

ROSSELAND MEAN-FRFE-PATH 

= 4.64ZR9E+07 

I /ROSSELAND MEAN-FREE-PATH 

= 2.15397E-0R 

MEAN- 

SQUARED ROSSFLANO 

MFAN-FRF.E-PATH a 

3.4?1 2lE+lft 1 PRIME 

= 7 .2471 3E ♦ lfr 
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TOTAL OPACITIES AMO VOLUME EMISSION 
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O 


TFMPEHATURE = 2.20000E+03 C/h MASS PATIO = 5.00000 E “02 PPFSSUPE s l.O0OOOE*03 


OMEGA 

TOTAL MU 

7.81 906F *03 

5.306T IE-07 

9 « 55663E *03 

5. 18349F.-06 

1 . 1?942F*04 

1.53472E-05 

1 .30318E*04 

1.37226E-05 

1 .47693F*04 

3.706q2E-06 

I .b5069E*04 

3.032fllE-07 

1 . 8?445E + 04 

9.27115E-09 

1 .99B21E *04 

5.774O5E-09 

?.17196E*04 

1 .531 71E-08 

2.34572E*04 

3.95000E-08 

2. 5 1 948E* 04 

5.04930F-08 

2.69323E*04 

5.69276E-08 

?»8f>699E*04 

5.02795E-08 

3.04075E+04 

3.31464E-08 

3.21 450E*04 

2.11U1E-08 

3.38826E+04 

6.72508E-09 

3.56202E+04 

5.775S8E-08 

3.7357HF*04 

3.29943E-06 

3.9o953E*04 

1.85701F-04 

4.08329E+04 

1.1711 6E-02 

4.25705E+04 

2.79977E-01 

4.43080E+04 

2.05300E+00 

4.60456E+04 

4.55241E+00 

4.77832E+04 

3.050f 1E+00 

4.9S207E+04 

6. 1 74S5E-0 1 

5. 1?583E*04 

3.81403E-02 

5.29959E+04 

5.271 67E-03 

5.47335E*04 

3.53928E-02 

5 . 64 7 1 OE* 04 

1.73020E-01 

5.820B6E*04 

5. 258fi 1 E-0 1 

5 • 99462E+ 04 

9.93217E-01 

6. 1 68 37F ♦ 04 

1 .25015E+00 

6 . 342 1 3E ♦ 04 

2. 05359E* 00 

6.51 S89E*04 

6.53015E*00 

6.68964E+04 

9.545q7E+00 


j total = 


B < W « T ) J 


3.44477E*04 

1.8P784F-02 

2.01055E+04 

1 .04217F-01 

1 .0638SF*04 

1.63271F-01 

5.24356E*03 

7.1 9553F-02 

2.44977E*03 

9.081 1 OF-03 

1 .09775E*03 

3.32927F-04 

4.75752F*02 

4.41O77F-06 

2.006?6E*02 

1 .15843F-06 

8.27006E*01 

1 .26673F-06 

3.34398E+01 

1 .32087F-06 

1 .33000E + 01 

6.71555F-07 

5.21 466E*0G 

2.96859F-07 

2.019J 4E*00 

1.01 522F-07 

7.73240E-01 

2.56301F-08 

2.93224E-01 

6.1911 5F-09 

1.10223E-01 

7o4 1 259F-1 0 

4,11 069E-02 

2.3741 6F-09 

1.52213E-02 

5.0221 7F-08 

5.59976E-03 

1 .03988F-06 

2.04790E-03 

2 . 39843F-05 

7.44884E-04 

2.0R550F-04 

2.69585E-04 

5.53459F-04 

9.71 173E-05 

4.4?1 1 8F : -04 

3.48371E-05 

l • 06257F-04 

1.24469E-05 

7.68543F-06 

4.43076E-06 

1 .6B991F-07 

1.571 fl0E-06 

8.2B59RF-09 

5.55792E-07 

l .9671 1F-08 

1.95937E-07 

3.39009F-08 

6.887H6E-08 

3 .6? 1 64F-08 

2.41486E-08 

2.39848F-08 

8.44507E-09 

1 .05576F-08 

2.94633E-09 

6.08057F-09 

1.02561E-09 

6.69736F-09 

3.56249E-10 

3.40074F-09 

40274E*02 



PLANCK MEAN OPACITY = 4.92650E-06 MFAN-SUUARED PLANCK MEAN OPACITY = 4.73374E-0R 
ROSSELAND MF AN-FRFF-P ATh = 3.33670f*06 1/ROSSELAND ME AN-FREE-P ATH = ?.qq*98E-07 
MEAN-SQUARED ROSSFLANO MF AN-FREE-PATH = 3.19684E-M4 I PRIME = 7,?1R04E*14 
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TOTAL OPACITIES ANU VOLUME EMISSION 
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TFMPERATUHF = 3. 000006 + 07 C/H MASS RATIO = S.OOOOOE-03 prfssure = 


OMEGA 

7. 819066+03 
9.55663F+03 
1 . 12942E + 04 
1 .30318F+04 
1 .47693E+04 
1 .65069F + 04 
1 .B?445F + 04 
1 .998216*04 
2*17 196E+04 
2.345726+04 
2.5] 9486*04 
2.693236*04 
2. B6699E+ 04 
3.04075E+04 
3*21 450E+04 
3.388266*04 
3.562026+04 
3.73578E+04 
3.9o953F+04 

4. 0B329E+ 04 
4.257056+04 
4.43080E+04 
4. 6o456F+04 
4.77B32F. + 04 
4.952076+04 
5.125836+04 
5. 29959F + 04 
5.47335F+04 
5.647 1 06 + 04 

5. H2086F+04 
5.99462F+04 
6. 16B37F+04 
6*3421 36+04 
6 . 515896*04 
6.6R964E+04 


TOTAL MU 
3.40367F-04 
2.29668E-0J 
S.69116F-03 
5. 19702F-03 
1 .75210E-03 
2.1B376E-04 
1 .053796-05 
2.10437E-06 
3. 688376-06 
2.79473E-05 
2.365S9E-05 
8.53906F-06 
4.04971E-06 
2.73917E-06 
8.80944E-06 
I.16440E-06 
3. 048q 7E-06 
2.64874E-.05 
3.3S714E-04 
6.034996-03 
7.6B526E-02 
3.986(S0E-01 
7.722126-01 
5.53940E-01 
1.477986-01 
1 . 605RR6-02 
3.04628E-03 
6.39271E-03 
2.433736-02 
5.920816-02 
7.596096-02 
9.731 06F-02 
3.734566-01 
1 .82B0OE+OO 
?. 079ol F+00 


B(W,T) 
1.3711 BE *05 
1 .07340E+05 
7. 655486 + 04 
5. 098] 36 + 04 
3.221 79E+04 
1 .953086 *04 
1 . 1 4t>2RE + 04 
6.54433E+03 
3.65236E+03 
1.99952E+03 
1 .07675E + 03 
5.71600E+02 
2‘.99665E + 02 
1 .55377E + 02 
7.9776RE+01 
4 • 06026E + 0 1 
2.05022E+01 
1 .02788E+01 
5.1 1992E+00 
2.53517E+00 
1.248516*00 
6.11 789F-01 
2.98406E-01 
1.44929E-01 
7.01 102E-02 
3.3791 oE-02 
1.62302F-02 
7.77041F-03 
3.7089SF-03 
1 .76532E-03 
8.37983E-04 
3. 967826-04 
1.874286-04 
8,833596-05 
4.15446E-05 


j total = i .833946+06 . 


PLANCK MEAN OPACITY = 2.74717E-03 MEaN-SUUARED PLANCK MEAN OPACITY 
ROSSELANO MF.' AN-FRF F-P A TH = 2.39068F + 04 1/ROSSELAND MEAN-FREE-PATH 
MEAN-SUUAREO ROSSFLANO Mf AN-FRF. E-PATH = 7.9Ro87E+09 I PRIME 


1 • OOOOOE + 02 
J 

4.66706F+0] 
2. 46524F +02 
4. 356R6F ♦ 02 
2.649S1F+02 
5.64490F+01 
4. 26676F *00 
1.207946-01 
1.3771 7F-02 
1.3471 3F-0? 
5.58812F-02 
2.5471 SF-02 
4.88093F-03 
1.21 356F-03 
4.2R60SF-04 
7, 02789F-04 
4.72779F-05 
6.251066-05 
2.72259F-04 
1.71 8R36-03 
1.52997F-02 
9.5951 0F-02 
2.438966-01 
2. 3Q4336-01 
8.028226-02 
1.036P2F-02 
5.42643F-04 
4.944166-05 
4.96740F-05 
9. 02658F-05 
1 . 04521F-04 
6.36540F-05 
3.8611 1F-05 
6.9995QF-05 
1.614785-04 
8.6371 4F-05 


= 1.0H247E-05 

* 4.18290E-05 

= 1 . 65708F ♦ 1 0 
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TOTAL OPACITIES AND VOLijMF EMISSION 


20 


TFMPFRATURE = 3.00000E+03 C/H MASS RATIO 


OMEGA 

TOTAL mu 

?.81906E*03 

8.5003BE-04 

9 • 55663E* 03 

5.73692E-03 

1 .1?942E*04 

1 • 42 1 A4E-02 

1 .30318E+04 

1 .29821E-02 

1 .47693E + 04 

4.37667E-03 

1 • 6S069E* 04 

5.45409E-04 

1 .82445E+04 

2.61319E-05 

1 .99821E + 04 

4.779R7F.-06 

2.17196E*0'4 

1.0B8A3E-05 

2.34572E+04 

7. 499 7 IE- 05 

2.5I948E+04 

8.05597E-05 

2.69323F+04 

2.468}9E-05 

2.8669'9E*04 

6.94076E-06 

3. 04075E+04 

4.36370E-06 

3«2l 450E*04 

1 .40S36E-OB 

3.3R826E*04 

2.39932E-06 

3.56202E*04 

7.428R0E-06 

3.73578E+04 

6.4H6S6E-0& 

3.9o953E+04 

7. 10479E-04 

4.0R329E*04 

1 .01619E-02 

4.25705E+04 

1.222R0E-01 

4.43080E*04 

6.30330E-01 

4.6o456E*04 

1 .22028E+00 

4.77832E+04 

R.75735E-01 

4 .95207E* 04 

2.34570E-01 

5. l?583E+04 

2.69074E-0 2 

5.29959E*04 

7.07071E-03 

5.47335E*04 

1.57B17E-02 

5.647lOE*04 

6.00&66E-02 

5.8208bE*04 

I .45314E-01 

5 • 99462E ♦ 04 

1.80503E-01 

6.16837E*04 

1.9R074E-01 

6.34213E*04 

6.37343E-01 

6.5]589E*04 

3 • 484R4F ♦ 00 

6.68964E+04 

3.62B86E+00 


1 .00000E-02 

PRESSURE = 1 .OOOOOE + 02 

B <W»T) 

■j 

1.3711 BE* 05 

1.1 6556F* 02 

1.07340E*0B 

6.1 S799F *0? 

7.65548E*04 

1 . 0R833F + 03 

B. 098 1 3E ♦ 04 

6.61 842F*02 

3.22 1 79E*04 

1 .41 007E*02 

1 .953R6E-»04 

1,06B6BF*01 

1.1 462RE + 04 

2.99544F-01 

6.S4433E+03 

3.1281 0F-02 

3.65236E+03 

3.866B0E-02 

I.99952E+03 

1.499B8F-01 

1.07675E*03 

R.67424F-02 

5.71600E+02 

1.41 081 F-,02 

2.9966BE*02 

2.07991F-03 

1.5B377F*02 

6.7R019E-O4 

7.97768E*0 1 

1.1211BF-03 

4,06026E*01 

9.74185F-05 

2.05022E+01 

1.52309F-04 

1.027RRE+01 

6.66740F-04 

5.11 992E+00 

3.637B9F-03 

2.53517E+00 

2.57622F-02 

1.248B1F*00 

1.B2668E-01 

6.11789E-01 

3.8S629F-01 

2.98406E-01 

3.64139F-01 

1 .44929E-0I 

1 .26920E-01 

7-.0U02E-02 

1 •64457F-Q2 

3.37910E-02 

9.09229F-04 

1.62302E-02 

1.147B9F-04 

7.77041E-03 

1.22397F-04 

3.70895E-03 

2.227R4E-04 

1 .76532E-03 

2.56526F-04 

R.37983E-04 

1.51259F-04 

3.967R2E-04 

7.8S920F-05 

1 .8742RE-04 

1 . 194B6F-04 

8.83359E-05 

3.0781 OE-04 

4.15446E-05 

1.5063BF-04 


j total = 4.58oo6E+06 


Planck mean opacity = 5 .R 6 I 79 E .03 mean-suuaRed planck mean opacity = 

ROSSELAND MEAN-FRFF-PATH = 9. 992?5F + 03 1/ROSSELAND MEAN-FREE-P ATH = 

MEAN-SUUAREO ROSSFUAND Mp AN-FRFE-P AT H = i . 49R62E * 09 I PRIME = 


6.48075E-OS 
1 .00078E-04 
3. ISf,93E + 09 
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TOTAL OP AC 1 T ItS AND VOLUME EMISSION 


21 


U 


TEMPEHATUKE = 3.00000E+03 C/H MASS PATIO = 5.00000E-02 PPFSSURF 


1 .OOOOOE+O? 


OMEGA 

TOTAL MU 

7.8190 6F *03 

5.8S0O5E-03 

9.S5663F+03 

3.94972E-02 

1 .1?94?E*04 

9.7H785E-02 

1 .30318E*04 

8.93804E-02 

1 • 47693E ♦ 04 

3.01 326F-02 

1.65069E+04 

3.75442E-03 

1 • 8?445E^ 04 

1 .7R4?3E-04 

1 . 998? 1 E * 04 

3.030?0E-05 

2. 17196E+04 

1 .3656BE-04 

?.3457?E*04 

9.64969E-04 

2 » 5 1 948F* 04 

1 .28996E-03 

2 « 69323E *04 

3.44 127E-04 

2.86699E+04 

3.14737E-0S 

3 • 04 075E* 04 

1.180]7E-0b 

3.21 450E*04 

3.8] 060E-0b 

3.388?6E*04 

1 .27566E-05 

3.56202E+04 

4.95338E-05 

3.73578E*04 

4.30700E-04 

3.9o953E*04 ' 

3.88308E-03 

4. 08329E+04 

3.34226E-02 

4.25705E*04 

3.263R7E-01 

4.43080E+04 

1 .637A5F+00 

4 • 6o456E ♦ 04 

3. 162A8E+00 

4.77832E+04 

2.27412E+00 

4.95207E*04 

6.19810E-01 

5.1 ?583E ♦ 04 

8.766S5E-02 

S.29959E+04 

4.47342E-02 

5.47335E+04 

l • 06 1 8 1F-0 1 

5 • 6471 OF* 04 

4. 0331 5F-01 

5.82086E+04 

9.71 720E-01 

5.99462E*04 

1 . 18227F+00 

6. 16837E+04 

1 .08B21E*00 

6.34213E*04 

2.32926E+00 

6.51589E+04 

1 .6o923F*01 

6.6R964E*04 

1 .37430E+0 1 


B <W, T) 

J 

1 * 37 1 1 8E + 05 

8. 02273F ♦ 02 

1 ,07340E*05 

4 • 21962F ♦ 03 

7.6554RE+04 

7 . 49307F *03 

5.0981 3E*04 

4.55673F.03 

3.22 1 79E* 04 

9.7081 1 F ♦ 02 

1 . 95386F ♦ 04 

7 . 33561 F*0 1 

1 . 1462RE + 04 

2 . 04522F *00 

6 .54433E* 03 

1 .98306F-01 

3.65236E*03 

4.98797F-01 

1 .99952E*03 

1 .9?947F*00 

1 . 07675E 4 03 

1 .38896F*00 

5.71600E*02 

1 . 967 6 3F- 0 1 

2.99665E*02 

9.43157F-03 

l .55377E+02 ' 

1 .83371F-03 

7.97768E*01 

3.03998F-03 

4. 06026E*0 1 

S.17953F-04 

2.05022E+01 

1.01555F-03 

1 .027B8E + 01 

4.42708F-03 

5.1 199?E*00 

1.9B811F-02 

2.5351 7E*00 

8.47321F-02 

1 .24851E*00 

4.07496F-01 

6.1 1 7B9£“0<1, 

l • 001 89F*00 

2.98406E-01 

9 • 43761 F-0 1 

1 .449?9E-01 

3.29587F-01 

7.01 102E-02 

4.34550F-02 

3.37910E-02 

2.96231 F-03 

1.62302E-02 

7.2A044F-04 

7.77041F-03 • 

8.25068F-04 

3.70895E-03 

1 .49SR7F-03 

1 .76532E-03 

1 .71540F-03 

8.37983E-04 

9.90726F-04 

3.96782E-04 

4. 3'l 78 IF- 04 

1.8742BE-04 

4.36568F-04 

B.B3359E-05 

1 .4?lS?F-03 

4.15446E-05 

5.70949F-04 


j total = 3.1528?e*07 


planck mean opacity = 4.n35i4E-o? mean-suuared planck mean opacity 
R05SELAND MEAN-FRFE-PATH = 1.47741F*03 1/POSSELAND MEAN-FREE-PATH 
MEAN-SQUARED ROSSfLAND MfAN-FRE E-PATH = 4.13663F+07 I PRIME 


2.99761E-03 
A. 76858E-04 
9*54 752E *0 7 



-26 


TOTAL OPACITIES AND VOLUME EMISSION 


O 


TEMPERATURE = 3.00000E+03 C/H MASS RATIO = 5.00000E-03 PPFSSURE = 


omega 

7.8l906E*03 
9.55663E+03 
1.1?942E*04 
1 .3o3l8E*04 
1 .47693E+04 
1 .65069F ♦ 04 
1 .8?44SE*04 
1 .99821E*04 
?• 17196E*04 
2.34572E+04 
2.51948E+04 
t ?.69323E*04 
' 2.86699E + 04 
3»04075E*04 
3.21 450E+04 
3.3R826E*04 
3.56202E+04 
3.73578E+04 
3.9o953E*04 
4.0R329E+04 
4.25705E+04 
4.43080E+04 
4.6(>456E*04 
4.77832E+04 
4.9S207E-M14 
5.1 ?583E + 04 
5.29959E+04 
5.47335E+04 
5.64710E+04 
5.82086E+04 
5. 99462E* 04 
6. 16B37E+04 
h.34213E*04 
6.51 SB9E+04 
6.6R964E+04 


TOTAL MU 
1 .3I669E-04 
8.865S2E-04 
2.196S4E-03 
2.00560E-03 
G.7G245E-04 
8.44260E-05 
4.35649E-06 
1.442R4E-06 
2.71728E-06 
1 .71 7Q6E-05 
9.81116E-0b 
7.82m3E-06 
7.10617E-0& 
5. 04645E-06 
9.536R0E-06 
1 .393S2E-06 
1 .869 1 5E- 06 
2.482R9E-05 
8.146R5E-04 
2.56717E-02 
3.56878E-01 
1.B6801E+00 
3.62122E+00 
2.595 r6E>00 
6.88341E-01 
6.829R6E-02 
4.99020E-03 
1.046R1E-02 
3.97197E-02 
9.8I792E-02 
1 . 56894E-0 1 
3.1 3997E-0 1 
1 .549R3E+00 
5.98064E+00 
8 . 14991E*00 


biw.t) 

1 ,37ll8E*05 
1 .07340E*05 
7.6554RE+04 
5.0981 3E*04 
3.22179E*04 
1 .953R6E 4 04 
l.l4fe?RE*04 
6.54433F*03 
3.65236E*03 
1 .99952F+03 
1.07675E+03 
5.716OOE+02 
2.99665E*02 
1 .55377E* 02 
7w97?6RE*01 
4 • 06026E ♦0 1 
2.05022E+01 
1.02788E*01 
5.11 99?E*00 
2.5351 7E*00 
1.24851E*00 
6.H789E-01 
2.9R406E-01 
1.449?9E-01 
7.01102E-02 
3.3791 0E-02 
li62302E-02 
7.77041E-03 
3.70895E-03 
1.76532E-03 
8.37983E-04 
3.967R2E-04 
1.8742RE-04 
8.83359E-05 
4.15446E-05 


J lOTAL = 7.129R0E+05 


PLANCK MEAN OPACITY = 9.12509E-04 MEAN-SUUaRED PLANCK MEAN OPACITY 
ROSSELAND MEAN-FREF-PATH = ■ 3.88156F+04 1/ROSSELANO MEAN-FREE-PATH 
MFAN-SQUAREO ROSSELAND ME AN-FREE-PATH = 1.73S59E+1n I PRIME 


5. f)0000E*02 

J 

1 .80543F*01 
9.51 6?3F * 0 1 
1 .6R141E*02 
1 • 02248F ♦ 02 
?• 17872F+0] 

1 • 64957F * 00 
4.99375F-02 
9.44244F-03 
9.9R446E-03 
3.43509F-02 
1 .05641E-02 
4.47079F-03 
2.12947F-03 
7.841 03F-04 
7.60800F-04 
5.6S807F-05 
3.8321 7F-05 
2.5S212F-04 
4.171 02F-03 
6.50823F-02 
4.4S565F-01 
1 . 142R3F+00 
l .OR059F*00 
3.7621 7F-01 
4.82597F-02 
2.307B8F-03 
8.0991 8F-05 
8.1 3416F-05 
1.4731 RF-04 
1.7331 8F-04 
1 .3147SF-04 
1 .245RRF-04 
2.90481F-04 
5.28306F-04 
3.385R5F-04 


= 1.75705E-0S 
= 2.S7828E-0R 
= 3.45R45E*ln 
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total opacities AND VOLUME EMISSION 


? 3 


d 


TFMPfPATUHE = 3.00000E+03 C/H MASS RATI 


OMEGA 

total mu 

7.81 906E*03 

4.59349E-04 

9.55663F+03 

3.09770E-03 

1 .1?942E*04 

7.67414F-03 

1 • 3f>3 1 8E ♦ 04 

7.00777F-03 

1 • 47693F ♦ 04 

2.36269F-03 

1 .65069E*04 

2.94668E-04 

1 .H?445E+04 

1 .452 1 7F-05 

1.99821E*04 

3. 18253E-06 

2.17 196E* 04 

5.86560E-06 

? . 34572E* 04 

3.64644E-05 

2.51 948E+04 

2.43966E-0S 

2.69323E+04 

1.61856F-05 

2.86699E+04 

1 .33573E-05 

3.04075E+04 

9.449R5E-06 

3.21 450E>04 

I .79I70E-05 

3.3R826E+04 

2.98475E-06 

3.56202E+04 

5.79464E-06 

3.73578E*04 

7.61815E-0& 

3.90953E*04 

1.782HE-03 

4.08329E+04 

4.88834E-02 

4.257 05E ♦ 04 

6«67994E»0 1 

4.430ROE>04 

3.49064E+00 

4 . bo^56£+ 04 

6.76572E+00 

4 . 77832E * 04 

4.85022E400 

4.95207E+04 

1 .P8677F + 00 

5.1 ?583E ♦ 04 

1 .28927E-01 

5.29959E+04 

1 .29570E-O2 

5.47335E+04 

3.47645E-0? 

5.6471 OF + 04 

1 .3?7l IE-01 

5.H2086E*04 

3.21407E-01 

5.99462E+04 

4.70796E-01 

6.16837E*04 

7.21 61 6F.-0 1 

6.34213E+04 

2.95670E+00 

6.51 5H9E + 04 

1.19019E *01 

6.68964E*04 

1 .54425E+01 


j Total 


1 .OOOOOE-02 

PRESSURE = 5. 00 000E* 02 

R (w.T) 

J 

1 « 37 1 1 RE* 05 

6 • 29852F * 0 1 

1 . 07340E* 05 

3.3?453F*02 

7 . 6554RE ♦ 04 

5. 87492F* 02 

5. 0981 3E*04 

3. 5726RF * 02 

3.221 79E*04 

7.6121 0F*01 

1 .953R6E* 04 

5.7S741F*00 

1.14628E*04 

1 .66459F-01 

6.54433E+03 

2.08275F-02 

3.65236E*03 

?.» 14233F-02 

1.9995?E*03 

7.291 1 3F-02 

1.07675E+03 

2.62690F-02 

5.71600E+02 

9.25166F-03 

2.99665E*02 

4.00274F-03 

1 .55377E* 02 

1 .46829F-03 

7.97768E*01 

1 «4?936F-03 

4.06026E*01 

1.21 189F-04 

2.05022E+01 

1 . 18R03F-04 

1 .027RRE*01 

7.83054E-04 

5.1 1992E+00 

9.12425F-03 

2.5351 7E* 00 

1 .23928F-01 

1 . 24851 E ♦ 00 

R.33995F-01 

6.1 1789E-01 

?.13554F*00 

2.98406E-01 

2 • 0 1 89 3F* 0 0. 

l .44929E-01 

7.02938F-01 

7.01 102E-02 

9.O2154F-0? 

3.3791 oE-02 

4.35658E-03 

1.62302E-02 

2.10294F-04 

7.77041E-03 

2.70134F-04 

3.70H95E-03 

4 . 9?21 7F-04 

1 .76532E-03 

5.67387F-04 

R.37983E-04 

3.94519F-04 

3 .96 l R2E”04 

2.86324F-04 

1 .8742ME-04 

5.541 67F-04 

8.83359E-05 

1.05137F-03 

4.15446E-05 

6.415F3F-04 


2.48181E+06 


PLANCK MEAN opacity = 3.17635E-03 MEAN-SUUaHFD PLANCK mEan OPACITY 
ROSSELAND MEAN-FRFF-PA Th = 1.57118E+04 1/ROSSELANO MEAN-FPEE-P ATH 
MEAN-SUI JAREO ROSSFLAND Mf AN-FREE-PATH = 3.33?14E*09 I PRIME 


7.44542E-05 
6.36466F-0F 
6. 71 220E+09 
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TOTAL OPACITIES AND VOLUME EMISSION 


?4 


O 


TFMPEPATUPE = 3 • 00000E ♦ 0 3 C/h mass patio 


5 • 00000E-02 PPFSSUPE 


5.00000E+02 


OMEGA 

total MU 

7*8)906 F. *03 

5.99236E-03 

9.5S663E+03 

4 . 045) 4E-02 

1 .1?94?E*04 

1 .00241E-01 

1 .3031BE+04 

9.I53R1F-02 

1 .47693E+04 

3.08605E-02 

1 .65069E*04' 

3.845S4E-03 

1 .8P445E+04 

1 .8P078E-04 

1 .99821E+04 

2.19345E-05 

2. 17196E + 04 

6.030P0E-05 

2.34572E+04 

3.96406E-04 

?.5l 948E+04 

4.59247E-04 

2.69323E+04 

1.545?2E-04 

2 • 86699E* 04 

5.27932E-05 

3 • 04 075E* 04 

3.44905E-05 

3.214S0E*04 

6.648) 2E-05 

3.38826E+04 

1 .B5919E-05 

3 • 56202E + 04 

6.78702E-05 

3.73578E+04 

8.79437E-04 

3.90953E+04 

1 .168S0E-02 

4.0«329E*04 

1.94310E-01 

4.25705E+04 

2.4?4R0E*00 

4.43080E*04 

1 .255P3E+01 

4 . 60456E+04 

2 • 430R6E *01 

4.77832E+04 

1.74309E+01 

4.95207F+04 

4.63776E*00 

5.1?583E*04 

4.90943E-01 

5.29959E+04 

1 .23090E-01 

5.47335E*04 

4.425) 7E-0 1 

5.6471 0E + 04 

1 * 695) 9E *00 

5.8P086E+04 

4.07196E+00 

5 « 99462E + 04 

5.6991 IE* 00 

6 • 1 6837F *04 

6.346R7E+00 

6 • 3421 3E ♦ 04 

1 .39055E+01 

6.51 5R9E+04 

6.23492E+01 

6.6R964E+04 

6 « 730R4E ♦ 0 1 


B(W.T) 

J 

1 . 37 1 1 HE ♦ 05 

8»2l 662F+02 

1 ,07340E*05 

4.34204F*03 

7 . 6554RE * 04 

7 . 67396F ♦03 

5.0981 3E*04 

4.66673F+03 

3.221 79E *04 

9.94260F + 02 

1 .953R6E*04 

7.5) 366F ♦ 0 1 

1.1462RE+04 

2.0R71 ?E*00 

6.54433E+03 

1.43546F-01 

3.65236E+03 

2.20245F-01 

1.99952F*03 

7.9P6P3F-01 

1.07675E+03 

4.94494F-01 

5.71600E+02 

8.83249F-02 

2.99665E+02 

1.5R203F-02 

1 ,55377E*02 

5.35903F-03 

7 . 97 76BE* 0 1 

5.30366F-Q3 

4.06026E’»01 

7.548R1F-04 

2.050P2E+01 

1 .39149F-03 

1 .02788E + 01 

9.03956F-03 

5.1 1992E*00 

5.9RP65F-02 

2.5351 7E*00 

4.9P61 OF-01 

1 .24851E+0Q 

3.0?737F*00 

6.117896-01 

7.6793RF+00 

2.98406E-01 

7.25382F+00 

1.44929E-01 

2.526P4F+00 

7.01 102E-02 

3.25154F-01 

3.3791 OE-02 

1.65895F-02 

1.62302E-02 

1 .99777F-03 

7,7704 1 E“03 

3.43854F-03 

3.70895E-03 

6.2P736F-03 

1.76532E-03 

7.1R832F-03 

8.379H3E-04 

4 ■ 77576F- 03 

3.9678PF-04 

2.5) 8P0F-O3 

1 .874PRE-04 

2.606P7F-03 

H.83359F-05 

5.50767F-03 

4.15446E-05 

2.7961 7F-03 


J T OT A( = 3.231 72E >0 f 


PLANCK MEAN OPACITY = 4.1361PE-0? MEaN-SUUaREO PLANCK MEAN OPACITY 
ROSSELANO MEAN-FRFF-PATH = 1.8921BE+03 1/ROSSELANO M£aN-FREE-P ATH 
MEAN-SUUAREO ROSSFLAND Mp AN-FRFE-P ATH = ft.2633lt + 07 I PRIME 


3.flSftB7E-(n 
5.P8491E-04 
1 .27p36E*0R 
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TFMPEKATUHE r 3.00000E+01 C/H MASS RATIO = 5.00000E-03 PRESSURE = 1.00000E+03 


OMEGA 

total MU 

7 • H 1 906E *03 

5. 8638 1 E-05 

9,55663F*03 

3.93045E-04 

1 . 1?94?F*04 

9.732SBE-04 

I .30318F+04 

8.886Q8F.-04 

I .47643E+04 

2.99722F-04 

1 • 6S 069E ♦ 04 

3.754?5F-0b 

1 .H?445E*04 

2.2] 445F-06 

1 • 9402 1 E+ 04 

1 . 369 1 7E-06 

2.I7146E+04 

2.81 268E-06 

2.34572F+04 

1 .44676E-05 

2.5I948F+04 

9.028S3E-06 

2.69323E*04 

8.32072E-06 

2.86699E+04 

7.71383E-06 

3.04075E+04 

5.485S9E-06 

3»2l 45oE*04 

8.379?6E-06 

3.38826E+04 

1 .40608E-06 

3.56202E+04 

1 .26249E-06 

3.73S78E+04 

2.12407E-05 

3.90953E*04 

1.13814E-03 

4.0B329E+04 

4 » 02 1 28E-02 

4.2S705F*04 

5.65910E-01 

4 .43080E+04 

2. 965*46+00 

4 .6oAS6E+04 

5.74964E+00 

4.77832E+04 

4.12146E+00 

4 > 9S207E* 04 

1 .09244E + 00 

5 » 1 ?583E<- 04 

I . 07676F-0 1 

5.29959E+04 

6.52970E-03 

5 » 47335F* 04 

1 . 172S7E-02 

5.64TlOE*04 

4.23941E-02 

5.H?086E*04 

1 .065Q8E-01 

5.9O462E+04 

1 .95463E-01 

6.16037F+O4 

4.7 38()8E- 0 1 

6 • 342 1 3E* 04 

2.46033E+00 

6.5l 589E+04 

9. 06041 E + 00 

6.6R964E+04 

1 .278946+01 


B(W.T) 

J 

1.371 1 8E *05 

8.04 036E + 00 

I .07340E+05 

4.21893F+01 

7 .65548E *04 

7.4S076F.01 

5 .098 1 3E+04 

4.S3069F+01 

3.221 79E+04 

9.6S640F+00 

1 .95386E *04 

7 • 33528E-0 1 

1 .146286+04 

2.53R38F-02 

6 . 54433E + 03 

8.9*0296-03 

3.65236E+03 

1 .02729F-0? 

1 . 99952E ♦ 0 3 

2.89283F-02 

1.07675E*03 

9. 72144F-03 

5.71 600E 4 02 

4.7S612F-03 

2 • 99665E + 02 

2.31 1S7F-03 

1 .55377E+02 

B.5233RF-04 

7.97768E+01 

6.6R471F-04 

4.06026E+01 

5.70906E-05 

2 » 05022E *01 

2.58838F-05 

1 .027886+01 

2. 18329F-04 

5.11992E+00 

5.02719F-O3 

2.5351 7E + 00 

1 .01947F-01 

1.24851E*00 

7.06543F-01 

6.117R9E-01 

1 .8143SE*00 

2.984Q6E-01 

1.7}573F+00 

1.44929E-01 

5.97320F-01 

7.0U02E-02 

7. 6591 26-02 

3.37910E-02 

3.63850F-03 

1.62302E-C2 

1 .0597BF-04 

7.77041E-03 

9.111 32F-05 

3.70895F-03 

1 .5723RF-04 

1 .76532E-03 

1.08 1 80F-04 

8.37983E-04 

1 .63795F-04 

3.967H2E-04 

1.8799BF-04 

1 .8T4?BE“04 

4.61 1 34F-04 

8.83359E-05 

8.00380F-04 

4.15446E-05 

5.31 331F-04 


j total = 3.2?408E*05 


planck mean opacity - 4.i?634E-04 mfan-suuareo planck mean opacity 
ROSSFLANO MFAN-FRFF-PATH = 5.?7170F*04 1/rosseland me an-free-pa th 
MEAN-SQUARED ROSSFLAND MFAN-FHFE-PATH = 2.5081 3E* 1 0 I PRIME 


4.07Q27E-0S 
1 • 89692E-0R 
4. R3798E* In 
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TEMPFHATUHE = 3.00000E*03 C/H MASS RATIO = 

1 .OOOOOE-02 

PRESSURE = 

1 .OOOOOE*03 


OMEGA 

TOTAL mu 

B ( w , T > 


J 

7 

.81906E+03 

2.22538E-04 

1 .37118E*0b 


3.05141F*01 

9 

• 55663F ♦ 03 

1 . 49 7i 7E-03 

1 .07340F*05 


1.60705F*02 

1 

. 1 ?942F*04 

3. 70874E-03 

7.6554RE+04 


2 . 83922F *0? 

1 

.3()318F*04 

3.38663E-0J 

5.0981 3E*04 


1 .7?655F*02 

I 

.47693E+04 

1 .14195E-03 

3.221 79E*04 


3.6791 ?F* 01 

1 

• 65069F. + 04 

1 .426r3F-04 

1 .953R6F+04 


2.7R725F+00 

1 

.R2445F+04 

7.544?7F-06 

1.1 4628E*04 


8.647R3F-0? 

1 

.99821E+04 

2.86057F-06 

6.54433E*03 


1.87212F-02 

2 

. 17196F. + 04 

5. 6871 IE-06 

3 . 65236F ♦03 


2.07714F-02 

2 

• 34572E*04 

2.91331E-05 

1 .99952E*03 


5.82522F-02 

2 

*51 94RE ♦ 04 

1.8871 4E-05 

1.07675E+03 


2.03197E-02 

? 

.69323E+04 

1 .656A4E-05 

5.71600E+02 


9.46935F-03, 

2 

.86699E'*04 

1.507a7E-05 

2.99665F+02 


4.51736F-03 ' 

3 

• 04075E«-04 

1 .07166E-05 

1.55377E+02 


1 .66512F-03 

3 

.2l450E*04 

1.639?lE-05 

7.9776RE*01 


1 .30771F-03 

3 

* 3R826E* 04 

2.93068E-06 

4.06026E*01 


1.18993F-04 

3 

• 56202E* 04 

3.811 S6E-06 

2. 050?2E*0 1 


7.81 454F-05 

3 

. 73578E*04 

6. 18579E-05 

1.027R8E*01 


6.35825F-04 

3 

.9o953E*04 

2.40330E-03 

5.1 1 992E 4, 0 0 


1.23047E-02 

4 

*0R329E*04 

7.906?2E-02 

2.53517E+00 


2.00436F-01 

4 

.25705E+04 

1 . 1 04?9E*00 

1 .24851E+00 


1 . 37872F ♦ 00 

4 

• 43080E+ 04 

5.782R7E+Q0 

6.11 789E-01 


3.53790F*00 

4 

. 6o456E + 04 

1.12108E+01 

2.98406E-01 


3.34537F*00 

4 

• 77032E+ 04 

8.03622E+00 

1 .44929E-01 


1 . 1646RE*00 

4 

.95207E* 04 

2. 1 3043E+00 

7.01 102E-02 


1 .49365F-01 

5 

. 12583E + 04 

2.10862E-01 

3.37910E*02 


7.1 2523F-03 

5 

< 29959E ♦ 04 

1.65212E-02 

1.62302E-02 


2.6R142F-04 

5 

• 47335E+ 04 

4.06428E-02 

7.77O41E-03 


3.1581 1F-04 

5 

*64710E»04 

1.47972F-01 

3.70B95E-03 


5.48820F-04' 

5 

• 820R6E* 04 

3.57725E-01 

1.76532E-03 


6.31499F-04 

5 

• 99462E ♦ 04 

5.736S6E-0I 

R.37983E-04 


4.80714E-04 

6 

.16837E+04 

1 .04745E+00 

3.96782E-04 


4.1560PF-04 

6 

• 3421 3E ♦04 

4.757j2E*00 

1 .8742RE-04 


8.91616E-04 

6 

• 5 1 589E* 04 

1 .78306F+01 

8.83J59E-05 


1 .57508F-03 

6 

.6R964E+04 

2.45065E*0l 

4.15446E-05 


1 .0181 VF-03 



j total = l 

•211 78E*06 



PLANCK MEAN OPACITY = I 

.R5090E-03 MEAN- 

squared Planck mean opacity 

= 1.5R263E-04 

ROSSELAMO MF AN-FREF-PATH 

= 2.040R4E+04 

1 /ROSSF.l. AND MEAN 

-FREE-PATH 

= 4 • R9995E-05 

MEAN- 

SQUARED ROSSFLAND 

MFAN-FREE-PATH = 4.531 4RE+09 

I PRIME 

= R.96756E+0Q 
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a 


TFMPhPATURf = 3. OOOOOF + 03 


C/H MASS RATIO = S.OOOOOF.-O? 


PWFSSURF = 1.00000E+03 


omega 

total MIJ 

7.R1 9Q6F ♦OS 

4. 0?3n5E-03 

R.55663F+03 

2.71 467E-02 

1 .12942E+04 

6.726R2F-02 

l ,3 o31HE*04 

6.14275E-02 

1 .47t>93E + 04 

2 . 07097E-02 

1 .65069E+04 

2.58146E-03 

1 .H?445F+04 

1 .237P8E-04 

1 .9082 1 F + 04 

1 . 77039F-0S 

2.17 196F *04 

3.798R9F-05 

2.34572E+04 

2.12567E-04 

? • 5 1 94BF+04 

2.04293E-04 

2.69323F+04 

1 .0?4c;7F-04 

2.86699E*04 

6.554S0F-05 

3. 04075E+04 

4.57630E-0S 

3.21 450E+04 

7.09890E-05 

3.38826E+04 

1 .80396E-05 

3 • 56202F * 04 

5.52492E-05 

3.73578E+04 

8.442A1E-04 

3.9Q953E+04 

1.54017E-02 

4.0B329E*04 

3.53072E-01 

4 . 25705F+04 

4.69644E+00 

4 . 43080E ♦ 04 

2.44759F+01 

4.6o456F + 04 

4.74285E+01 

4.77832F+04 

3.40009E+01 

4.95207E+04 

9.02409E+00 

5.12583F+04 

9.20732E-01 

5.29959E+04 

1.88521E-01 

5.47 335E + 04 

' 7 • 06699E- 0 1 

5 » 64 7 1 0E + 04 

2.5R376E+00 

5.82086E+04 

6, 1505?E+00 

5 . 99462E + 04 

9.18533E+00 

6.1 A837E+04 

I • 1 1 782E + 01 

6.34213E+04 

P.54M7E + 01 

6.51589E+04 

9.5281RF+01 

6.6R964E+04 

1 .14964E+02 


B(w.T) 

J 

I .37 1 1 8E + 05 

5.51634F+02 

1 .07340F + 05 

2.9l 391E*03 

7.6554RF. + 04 

5 • 14971 F+ 03 

5.09B1 3E+04 

3.131 65F+03 

3.221 79E*04 

6.67224E+0? 

1.953R6E+04 

5.043B1F+01 

1 . 14628E+04 

1.41 895F* 00 

6.54433E+03 

1 .15R60F-O1 

3.65236E*03 

1 .3R749F-01 

1 .999S2F *03 

4.25032F-01 

1 .07675E + 03 

2.19971F-01 

5.71600E+02 

5. 8S64SF-02 

2 • 99665E *02 

1.9641 6E-02 

1 .55377E*02 

7.11053F-03 

7 ,97768E*01 

5.66328F-03 

4 • 06026E *01 

7.32453F-04 

2.05022E+01 

1.13273F-03 

1 .02788E+01 

8.67799E-03 

5.1l99?E+00 

7.88555F-02 

2.5351 7E*00 

8.95099F-01 

1 .24851E-M30 

5.86353F+00 

6.11 789E-01 

1 .49741F+01 

2.98406E-01 

1 .41529F+01 

1 ,449?9F-01 

4.9?773F*00 

7.01 102E-02 

6.32681F-01 

3.37910E-02 

3.1112SF-02 

1.62302E-02 

3.02727F-03 

7.77041E-03 

5.49134F-03 

3.70845E-03 

9.5R303F-03 

1 .76532E-03 

1 .08578F-02 

8.379R3E-04 

7.69715F-03 

3.98782E-04 

4.4341 1F-03 

1 .87420E-O4 

4 . 77223F— 03 

8.B3359E-05 

8.41 6R0F-03 

4.15446E-05 

4.7761 4F-03 


J IOTAL 


2.1 7346E+07 


Planck mean opacity = ?.78i7oE-o? mfan-suuared plancn mean opacity 
ROSSFLANO MFAN-FRFF-PATH = 2. 50494F + 03 1/ROSSELANO ME AN-FREE-R ATH 
MEAN-SOIIAREIT ROSSFLANO Mf AN-FREE-P ATH = 9.97779E+07 I PRIME 


4.1 6P8BE-03 
s.qspi ie -04 
2.01041E+08 
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0 

1 

OJ 

N> 


*4 


'IkaTUHI = 4 , 000005+03 

C/H M Abb HA I 1(1 = 

5.000005-03 

PPhbbUHE = 1.000005*02 

OMI.OA 

T 01 A| MU 

8 (#i T) 

J 

7.819061 +03 

4 .044635-03 

3.63/54F + 05 

t .471 365+03 

9.5566 31 *03 

1.404795-02 

3.452J6F +05 

6.576 OlF+03 

1 . 1 29421+04 

4.00 34 75-02 

3.0()3HHt +05 

1 .20260F+04 

1 . 303185+04 

3.74242t-02 

2 .4S004F +05 

9. 16909F+03 

l .476935+04 

1 .560845-02 

1.400825*05 

2.966885*03 

1 .650695+04 

2.431865-03 

1.41 71 75 +05 

4.154955*02 

1 « 824455 +04 

3. A6426F.-0A 

1 . 0229SI +05 

3.548865*0] 

1 .446211 + 04 

3.654395-04 

7. 186855 *04 

2.6270BF+01 

2. 1 7 1965+04 

4. 074305-04 

4.934805*04 

2.01262F+01 

2. 34S72F.+ 04 

1 . 73l?H5-03 

3.330165 *04 

5. 76546F+01 

2. 5 1 9485+04 

1.045435-03 

2.2 (J84 75*04 

2.3()989F*01 

2 • 693235.+ 04 

3.921295-04 

1 ,443H6E*.04 

5.661795+00 

2.866995+04 

1.’ 36 7 175-04 

4.322575*03 

1.274555+00 

3* 04 0 75F. + 04 

9. 916265-05 

5.4533o5* 03 

5.90344F-01 

3.2l45oL+04 

5.988265-04 

3. 764625*03 

2.25435F+00 

3 • 38826F ♦ 04 

4.031 05E-05 

2.359805*03 

9.51245F-02 

3 • 562 ()?F. ♦ 04 

7.421065-05 

1.467575*03 

1 . 089095-01 

3. 735785+04 

1.966025-04 

9.061865+02 

1 . 781S8F-01 

3.9o9bJt. + 04 

4.605365-0^ 

5.559245*02 

5. 3398SF-01 

4 . 083295+ 04 

9. 7a94 05-03 

3.390305 *02 

3. 30534F+00 

4 .257055*04 

7 .53<+365-o2 

2.056365+02 

1 • 54933F* 0 1 

4.430805+04 

2.8 l4?45-0 i 

1.241 045*02 

3 . 49259F *0] 

4 »6o456E+U4 

4 • 79849E- 0 i 

7.4 55405*0 1 

3 . 57784F *01 

4.77«3?5+04 

3. 7() 3035-0 1 

4.459625+01 

1 .65 14) F+0 1 

4.4520 75+04 

1 .345235-01 

2.65 7065 + 01 

3.57434F+00 

b » 1 ?58 Jfc +04 

3.333665-02 

1 .57/24F +01 

5.257995-01 

5.244545+04 

2.20821 E-02 

9.3 30365*00 

2.06034E-01 

5.473355+04 

3.55040t -02 

5. Sol 7 o£ + 0 0 

1.95332E-01 

5.6471 ot+04 

7.4J0605-02 

3.2343 1 E + 00 

2.39682F-01 

5.820865+04 

1.6] 3645-01 

1 .895975*00 

3. 05941F-01 

5.49462F+04 

3.064615-01 

1.108465+00 

3.397 OOF-O 1 

6 . 1 683 75 + 04 

5.213495-01 

6»46*+22t-01 

3.3701 15-01 

b . 342 1 3L ♦ 1(4 

9.563525-01 

3.7b07bE-0l 

3 • 5966 1 F-0 1 

6.515845+04 

2»057quE+00 

2.183025-01 

4.492425-01 

6 .689645 ♦ 04 

2.26297E+00 

1 .264485-01 

2.861495-01 


J jOlAL = 7 1H515+0 7 


PLANCK MEAN UP AC 1 T Y = MEAN-StJUAHfcU PLANCK Mt AN OPACIFY 

POSbtL AND MI AN-FHFF-PaTH = 9.086785+Ol 1/HOSStt-ANl; M5AN-F Hfc t-PA TH 

MF AN-bUUAHtl) RObMLAMJ MfAN-F K55-PAT H = S . 1 3 ) 1 1 1 ♦ofe 1 PH I Mb 


5. 4630AE-04 
1 . 1 005UE-03 
1 .?64?8£+07 



D- 33 


TOTAL OPACITIES AND VULLJMp EMISSION 


29 


1FMPERATURE = 4.00000E+03 C/H MASS 

PATIO = 

1 . 000008-02 

PPESSUPt = 

1 

. OOOOOE+02 


OMEGA 

TOTAL MU 


8 ( w , T ) 



J 

7. 

B1906E+03 

8.813 n 7 t- 03 


3.63 754E + 05 


3. 

20579E+03 

9. 

55663E+03 

4. 1S104E-02 


3.45236E+0S 


1. 

43309E+04 

1. 

12942E+04 

8. 72491E-02 


3.003RRE+0b 


2. 

62086E+04 

1 . 

30318E+04 

8.1 b6o 1 E-02 


2.45004E+05 


1. 

99826E+04 

1 . 

47693E+04 

3.40151E-02 


1.900H2E+05 


6. 

46567E+ 03 

1. 

65G69F. + 04 

6.38675E-03 


1.41 7l7E+0b 


9. 

05D3E + 02 

1 . 

82445E+04 

7 . bl 396E-04 


1 .02295E+0S 


7. 

6R638E+0 1 

1 . 

99B21F+04 

7.90275E-04 


7. 18885E+04 


5. 

68116F+01 

2. 

17196F+04 

1 . 01018E-03 


4.93980E+U4 


4. 

9901 1E+01 

2 • 

34572F+04 

3.70375E-03 


3.3301 6E *04 


1. 

2334 1 E* 02 

2. 

51948E+04 

2.9b4^1E-03 


2.20847E+04 


6 * 

59H9E + 01 

2. 

69323F + 04 

1 .09608E-03 


1 .44386E+04 


i. 

58258E+0I 

2. 

86699E+04 

2.b52R3E-04 


9.322b7t+03 


2. 

37990E+00 

3. 

04Q75E+04 

1 .50396E-04 


5.95330E+03 


8. 

95353F-01 

3. 

21 450E+04 

8.90170E-04 


3. ?b462E+03 


3. 

35115E+00 

3. 

38826E+04 

7.6S440E-05' 


2.35980E+U3 


1 . 

80628E-01 

3. 

56202E+04 

l.b438lE-04 


1.46 757E + 03 


2. 

26564E-01 

3. 

73S78F+04 

4. 13300E-04 


9. 06 186E + 02 


.3. 

74527E-01 

3. 

90953F+04 

1 .76470E-03 


5.55924E+02 


9. 

81039E-01 

4. 

OH329E+04 

1.51991E-02 


3.39030E+02 


5. 

15296F+00 

4 « 

2570bE+04 

1 .12820E-01 


2.05636E+02 


2. 

31998E+01 

4. 

43080E+04 

4.1 74f;BE— 0 1 


1.241 04b +02 


5. 

10O84E+OI 

4. 

60456E+04 

7.11480E-01 


7 «45b4 OE + 0 1 


5. 

30436E+01 

4. 

77832E+04 

5.bl2^2E~0l 


4.45962E + 0 1 


2. 

45837E+01 

4* 

9520 7E + U4 

2.04994E-01 


2 » 6b 7 ObE* 0 1 


5. 

44681E+00 

5. 

12S83E+U4 

5. 7?5b7E-02 


1.57724E+01 


9. 

03077E-01 

5. 

H9959E ♦ t)4 

4.1 9SB7E-02 


9.33036E+00 


3. 

91490E-01 

5. 

47335E+04 

6.422R9E-02 


5 • 5 0 1 7oE+00 


3. 

b3357F-01 

5 • 

b4 7 i oE+04 

1 .28J63E-01 


3.23431E+00 


4 . 

15167E-01 

5. 

8208bE+ 04 

2.b21b0E"“Ol 


1 .89S97E+U0 


4 . 

97049E-01 

5. 

99462E+04 

4.60014E-01 


1.10B46E+00 


5. 

09909E-01 

b. 

16837E+04 

7.41336E-01 


6.46422E-U1 


4, 

7921 5E-0 1 

b. 

34213E+U4 

1 .34660E+00 


3.76076E-01 


5. 

06424E-01 

b. 

b] 589E+04 

3.137 84E+ 00 


2. 18J02E-01 


6 . 

H4997E-01 

6. 

bH964E +04 

3.27170E+00 


1 .26448E-01 


4. 

I3701F-01 



J ]OTAL = 1 

. 2452 1 E + OH 




PLANCK 

MEAN OPACI T Y = 3 

. 7R235E-0? 

MEAN- 

bUUAHEL) PLANCK MEAN OPACITY 

_ 

2.54514E-03 

ROSSELaNU MFAN-FREF-PATH 

= 4.34563t+o2 


1/POSSELAND MEAN 

-F PEE-PATH 


2.301 16E-03 

MEAN-SUUARLI) ROSSELAND 

Mf AN-FNEE-PATH = 

1 .4lQ49t+u6 

I prime 

ss 

3.57876E+06 
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T F MHt 


7 

9 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

4 
4 
4 
4 
4 

4 

5 
5 
5 
5 
5 

5 

6 
b 
b 
b 


TOTAL OH AC IT 1 ES AMU VOLUMF EMISSION 30 


NATURE = 4.00000E+03 

C/H MASS PATIO = 

b. OOOOOE-02 

PRESSURE = 

1 • 00000E* 02 

OMEGA 

101AL MU 

B 1 w . T ) 


J 

* 81 906E + 03 

4 . B9425E-0l.' 

3. 63 7b4E*0b 

1 

. 7BG30F + 04 

.55663E+03 

2 • 305B2E-0 1 

3.452J6E+05 

7 

» 96G52E ♦ 04 

. 12942E+04 

4.84670E-01 

3.003BBE*05 

1 

•45589E+05 

*3o3l HE+04 

4.530b7E-Ol 

2.45004t+0b 

1 

• 1 1 003E*Ob 

•47b9 JE+04 

1#HB9a9E-01 

1.900H2E'*05 

3 

. 59 1S7E* 04 

• 65G69E+ 04 

3.b46o2E-02 

1.41 717E+05 

5 

• 02532E ♦ 03 

.B2445E+04 

4. 14614E-03 

1.02295E+05 

4 

.24127E+02 

.99821E+04 

4.49323E-03 

7.18H85E+04 

3 

.23011E+U2 

. 17196E+04 

8.B0491E-03 

4.93980E+04 

4 

■ 34945E ♦ 02 

.34S72E+04 

3. 1 IBaOE-02 

3.33016F+04 

1 

• 03848E*03 

• 5l 948E* 04 

3#bbb68E-02 

2.20847fc*04 

7 

» 87469E ♦ 02 

• 693H3E+ 04 

1.285H0E-02: 

1.44386E+04 

1 

.88652E+02 

.86699E+04 

1.64387E-03 

9.32257E+03 

1 

.53251E+01 

. 04075E + 04 

4. 09305E-04 

5.95330E+03 

2 

. 4367 1 E* 00 

• 2 ] 45oE+ ()4 

2. 16124E-0J 

3.76462E+03 

8 

. 13626E+00 

.38826E+04 

3.54030E-04 

2.35980E+03 

8 

.35439E-01 

•56202E*04 

B.l 7605E-04 

1 .467576 *03 

1 

. 19989E*00 

• 7-3578E + 04 

2.21 134E-0^ 

9.06i8bE*02 

2 

•00388E+00 

.90983E+64 

7.619H2E-03 

5.55924E+02 

4 

.23604E+00 

• 08329E+04 

4.375B7E-02 

3.3903QE+02 

1 

• 48355E *01 

.25705E+04 

2.B0B71E-01 

2.05O36E+Q2 

b 

.77570E+01 

.43080E+04 

1 .0004bE*00 

I.24104E+02 

1 

•H4160E*02 

.bo45bE+04 

1 .70130E+00 

7.45540E+01 

1 

.26839E+02 

. 77B32E+04 

1 .3411 3E+0O 

4 . 459 62E+ 0 1 

5 

.9B091E+01 

.95207E+04 

5.47334E-01 

2 .65 7q6E + 6 1 

1 

.45430E*Q1 

. 1 25HJE+04 

2.201B4E-01 

1 .57724E+01 

3 

.47284E+00 

.29959E+04 

2.06627E-01 

9.33036E+00 

1 

•9?790E*00 

•47335E+04 

3.05Hh5E-01 

b.50l 7oE*00 

1 

.6H272E+00 

#647 ] 0 E ♦ 0 4 

5.84 7B0E-01 

3.23‘»31£*00 

1 

. B9 1 36E* 00 

•82086E+04 

1.109«6E*00 

1 .89597E+00 

2 

» 1 0426E* 00 

.99462F. + 04 

1 .74710E+00 

1 . 10846E+00 

1 

.93660E+00 

•16837 E +04 

2.520R0E+00 

6.4b422E-01 

1 

• 6?950E *00 

« 3421 3F. + 04 

4.151 79E+00 

3.7b0 76E-01 

1 

.56139E+00 

.51 589E+04 

1 .0786BE+01 

2. 1BJ02E-01 

2 

.35478E+00 

• 6H964E+ 04 

9.B3394E+Q0 

1 .2644RE-01 

1 

• 24 348E* 00 


J lOTAL = 6-92573E+0H 


PLANCK MLaM OPACIIY = 2* 0925 7E- 0 1 MEAN-SUUaHEU PLANCK MEAN OPACHY = 
KOS.SELrtNU MEAN-FRFF-PaTH a B.35934E+0I i/ROSSELANU ME AM-F REE-P A f H = 
MEAN-SUUARhf) ROSSfcLANU Mp AN-FREE-PA1 H a R.45809E-*-04 I PRIME a 


7.74989E-0? 
1 .19627E-0? 
2.21669E+05 
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TOlrtL OPAClTMS AML' VULIJMF EMISSION 


31 


If Ml-kWAlUKt = 4 . 0 0 0 0 0 F ♦ U I 

C/H MAbb 

PATIO = b.oOOOOL-03 I'PF.bbURfc = 

b.OOOOOt+02 

OMfc brt 

IU1AI. MU 

b u ♦ n 

J 

7.H1 90bF + 03 

6. /5br5F.-03 

3.63 /b4F *0b 

2.45754F+03 

9.556636+03 

3. 19/816-06 

3.452366 +05 

) . 1 0400F + 04 

1 . 1 29426. + U4 

6. / 2 2 8 0 F. - 0 2 

3.C0 3HBF + 0b 

2.01945F+U4 

1 . 3<) 31 H6. + 04 

b.2HHHbt-02 

2 » 4 5 0 0 4 F + 05 

1 .539R1F + 04 

1 .476936+1)4 

2.62126E-02 

1 .9()OH2t + 0b 

4.9R254E+03 

1 .bS0696. + u4 

4.911 H5L-0 3 

1.4 1 / 1 7t ♦ 05 

6.96095F+02 

1 .H?44SF. + 04 

5 • 0b44 7L-04 

1 . 022456+ Ob 

5. 1H068F + 0] 

1 .998216+04 

3.30b4iL-04 

7.1 88856 +04 

2. 37694F + 01 

2.1 7 196E+04 

3.7 HHi bh'-04 

4.9 39 Hot +04 

1 .86139F+01 

2. 345/26. +04 

2.bHWb0t-03 

3 • 330 1 6t * U4 

B.6?345F+01 

2* bl 9486 +04 

1 . 0 /0h9t-03 

2.208^ 7t + 04 

2. 36489E+01 

2 • 693236 + 04 

5.17112 t- 04 

1 .44J86L+04 

7.46636F+00 

2 • Hfebyyt. ♦ 04 

3 . 632 046-04 

9.322576 +03 

3. 38599E+00 

3. 04075t+ 04 

2.96764L-04 

b.VbJiO? 4 U 3 

l . 76672E + 00 

3 . 2 1 4bok + 04 

] .248486 -03 

3. 76*626 +03 

4.70006E+00 

3.38B26E+04 

1 • 066H7E-04 

2.359H0E+ 03 

2.51 759F-01 

3 « 562026. + 04 

1 .44221E-04 

1.46/57E+03 

?. 1H992F-01 

3. 7357BE+04 

4.94 099b- 04 

9 . (16 1 H 6 E+ 02 

4.47746E-01 

3.4 () 983E + o4 

6 . 0684661-03 

5.559246+02 

3.37360F+00 

4.0B329F.+ 04 

9 • 554()9F.-02 

3.39030t+02 

3.23912F+01 

4 . 257 056. + 04 

7.93777E-01 

2.C5OJ6fc+02 

1 .63229E + 02 

4.43080 6. + 04 

3.0 1 438 E+OO 

1 » 24 1 04E + 02 

3.74095E+02 

4 .bu456F. + 04 

5 . 1 4 4 1 If. + 00 

/ .455^06 +01 

3 .8351 4F + 02 

4.77832E+04 

3.9 1776L + 00 

4.459626 +01 

1 .7S609F + 02 

4.9520 /E + 04 

1 .36252E+00 

2.6b / U6E + 0 1 

3.62030F+01 

5. 1 ?btJJF +04 

2 . 36454E-0 1 

1 .57 724E + 01 

3.7?945f+00 

5.249S9F +04 

6.7 69666--02 

9.33U36E+00 

6 . 3 1 633F-0 1 

S.47 335K + 04 

1.1]/ 646-0 1 

5. So 1 /()b ♦ 0 0 

6. 14891F-01 

5 . b4 7 1 OF +04 

2.6b / 35L-0 1 

3 • 23 < *3 ] 6 +00 

6.b?7()4F-01 

5 . B2UH66 +04 

6,331 ?2t “0 1 

1 .895476 +00 

1 .20038F + 00 

5 . 944626 +04 

1 .2 H01 76 + 00 

1 . 1 0H46F. + 00 

1.41902F+00 

b. 168376 +04 

2.44333E+00 

6.46422E-0 1 

1 .S7942F+00 

b • 342 1 3F. + 04 

5.bH836t + ()0 

3. 7b0 /6F “ 0 1 

?. 13926E+00 

b . b I 5891. ♦ 04 

1.35/406+0) 

2.183026-01 

2.96324E+00 

b » 689646.+ 04 

1 .6?9h36 + 0 J 

1 • 264<*8F - 0 ) 

2* 06089E + 00 


j 1 07 AL = 9. /bl lot +0 / 


PLANO Mt AN UP AC I I t = ?.Q4927t-02 

MFAN-5UUAR6L) PLANCK MhAN OPACITY 

= 3.62091E-03 

HObbtLANU MF AN-f Pfct-PATH = 

6.4Hlfl3E+0^ 

1/PU5SFLAN0 MhAN-f WEE-PATH 

= 1.54pc)7t-03 

MF.AN-bOUAREU ROSS6 LAND Mf AN-F K6 6.-PATH = 

1 ./434 /6 +06 I PRIME 

= 3.42R81E+06 



lUlAL OH AC IT IKS ANU VUlIJMF. EMISSION 


32 


TEMPtPATUKt = A . 1) 0 0 0 0 1 ♦ 0 3 C/H MA55 HATH) 


UMb.OA 

TOTAL MU 

7. Ml 9<)Ab +03 

1 . T2H4PE-02 

.9.55663b" *03 

8.1U92/E-02 

1 • 12942b *04 

1 . /2182E-0 1 

1 .30-31 Hi-. *04 

1 .b09f,6E-01 

1 . 4 769JE *04 

b. 712O8E-02 

1 .f>5Dh9E«-04 

1 .256^55-02 

1 .Hp445E +04 

1 .26HB6E-03 

1.99M21E+04 

7.B201 0E-04 

2. I7l9bb.*04 

9. ?8Ba1E-04 

2.3457?E*04 

5. 15244E-03 

2 • b 1 948E + 04 

2.97JA5E-03 

2.69J23E+04 

1.2 79R8E-03 

2.H66941-.+ Q4 

- 6.2B1aOE-04 

3» O4075E* 04 

4. 79408E-04 

3. 21 450E+04 

2.00812E-03 

3» 388?bfc * 04 

2. 02045E- 04 

3.56202E+04 

3.321 0OE-O4 

3. H57Hfc*04 

1 . 10099F-03 

3.9|}953E + 04 

1.077b2E-02 

4.'08329t*04 

l .55481E-0 1 

4 • 25 7o5E* 04 

1 • 27405E* 00 

4.43080E*04 

4.82bf,6E*00 

4 • 6o 456F. + 04 

8.23b03E*00 

4. /7B32E+04 

6.30B54E+00 

4.9520 7E + 04 

2.19271E+00 

5. 12SM3E+04 

3.93315E-01 

5.29959E+04 

1 .21923E-0 l 

5 ♦ 47335E *04 

1 • 9 1 078E-0 1 

5.04 7 1 0 E + () 4 

4.43B?7E-01 

5.H20HOE+04 

9.74/ 75E-Q 1 

5.99462E+04 

l . 76483E+00 

6.1 6B37K ♦ 04 

3.21 675E+00 

6 . 342 1 3E* 04 

7 .981 ?6E + 00 

b.bl 589E+04 

2.127 02E + 0 1 

6 . bH9b4E.* 04 

2.46957E+01 


1 .OOOOOL-OP 

PHESSUPt = 5.00000E*02 

H ( w ♦ n 

J 

3.b3 /54h*06 

b . 2H902F *03 

3.4b236t*05 

2 . B? 723E* 04 

3.0038HL+U5 

5.17215F+04 

2,45004b. *05 

3.94375E*04 

1 .900H2E*U5 

1.27602E*04 

1.4] 7 1 7E* 05 

1. 78O7SE+03 

1 .02295E + 05 

1 .29797E*02 

7.1 8BH5F. *04 

5.6?! 75E*01 

4 .9 398 Oh *04 

4. 83528E* 0 1 

3. 330 1 bh* 04 

1 • 7 1 585F*02 

2.20H47K+04 

b.56721F*01 

,, 1 » 44 JHbh *04 

1 . B4 797E + 0 1 

9 . 32257E * 03 

5. B5587F *00 

5.95 JJOh *03 

2.85405E*00 

3.7b4b2h+03 

7 . 55983E *00 

2. 35980E* 03 

4.76785F-01 

1.46 75 7E* 03 

4.87379E-01 

9.0blHbE*02 

9.97701F-01 

5.55924E*02 

5. 99 076F * 0 0 

3. 39030b-* 02 

5. 271 28E *01 

2. 0563bE* 02 

2.61 990E ♦ 02 

1.24 L04E*02 

5.9901 0F+02 

7.4554 0E*0 1 

6.13954E*02 

4 , 459fepE* 0 1 

2.81337E*02 

2.b5/06E*01 

5.8?616E*01 

1 .57 7 24E* 0 1 

6 . 20354E* 00 

9.330 J6h*00 

1 .13758F*00 

5.501 7oE + 0() 

1 .05125E*00 

3.23431E+00 

1 .43547E*00 

1.89597E+00 

1 • 8481 5F *00 

1 . 1 0B46E ♦ 0 0 

1.9S625E*00 

O.4b42Pb>0l 

2 » 07938E *00 

3. 76076E-01 

3*00 156E*00 

2.1H302E-01 

4.64333E+00 

1.2b448E-01 

J.12273F*00 


J lOTAL = ?.4/898E*08 


PLANCK ML AN OPACITY = 7.4901 lt-0? ME AN-SuU APED PLAnCin MFAN OPAClTr 
POSStLANL) Mb AN-hPth-HATH = 2.77445E+02 l/ROSSELANO MEAN-b REE-PATH 
Mb AK-blJUAPLO POSSFLAnU Mp AN-p'HEE-PA TH = 3.55pJ7t.*0b I PRIME 


1 .S2065E-0? 
3 • 60431E- 0 3 
7.82177E*q«s 
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101 AL UPACi T 1 Eh 

ANO 

VOl.IJMp t M I S‘> l ON 


3 

lPMPtP’rtlUHP = 4 . 0 0 0 0 0 P *01 

L/H MAbb PA 1 10 = 

b . 0 0 0 0 0 L - () 2 

PPFSbUPF = 

b.0(i000t + 02 

OMtbA 

total mu 


H (w, T ) 


J 

7.81 90bP. + 03 

1 .20HP3F--0 J 


3 • b3 7b4p ♦ Ub 


4.39606F+04 

9.bbb6JL+0 J 

S. 72HRJP.-0J 


3.4 b2 J6p + 0 b 


1 .97769F+05 

1 . 1 ?942E* 04 

1 •2()4SVt+ 00 


3.00 JHPfc +08 


3.61838F+05 

1 . 3() 31 HE + 04 

1 .12bi IP +00 


2.4b004P +0b 


2. 7b9 0 ?E+0b 

1 .47b93P +04 

4.b9b9 7 P. - 0 J 


1 .900HPP +0b 


B.9p619F*04 

1 .bb069P +04 

8. 780?0t-0«r 


1.41 /17fc + Ub 


1 . 24431 E + 04 

1 .82445P. + 04 

8.6 7M12K-0J 


1 .0229RL+0b 


8. 877?8F ♦ 0? 

1 .99821E+04 

b.l90()7t-03 


7.TH«Hbt+04 


3.731 ()6F + 02 

2. 1 7196P +04 

9.9bb47E-03 


4.939HOt+04 


4.92324F+02 

2. 34b? 2P. + 04 

3.93865P.r02 


3.330 16E+U4 


1.31) 64H+U3 

2.bl948p>04 

4.0 7080K-02 


2.2084 7P +04 


8.99023F+02 

2 • 69323F.+ 04 

1 . b 1 738E-02 


1 . 443HbP +04 


2. 19088E+02 

2.H6699P. + 04 

2.Hb845P>03 


9 . 322b 7fc + 03 


2.66481F+01 

3 • 04 07bF +04 

1 .J4bl bE-03 


5.9bJ30t*0 3 


H.01401F+00 

3.21 4b ot +04 

S.44136E-03 


3 . 7b4b?P + 03 


2, 04847F+01 

3.38826E+04 

- 9.382400.-04 


2. 3598 Of +03 


?.2l4obF+00 

3 » b6202E + 04 

2.04089E-03 


1.46757P+03 


2.99bl4E+00 

3. 73b7HK+04 

6.bb9b7t-03 


9.06186P +02 


6. 03490F+00 

3.9()953P>04 

4. 10479E-02 


5.b5924P+02 


2.281 95F+01 

4 . 0B329E + 04 

4.4Q4 74E-01 


3.39U30P + 02 


1 .49334F+02 

4.2b ?0bt+04 

3.403P8F+00 


2 . ObbJbt + 02 


6.99980F+02 

4.430HOF+04 

1 .27608t + 0 1 


1 , 24 1 0 4p. + U 2 


1 .5H367E + 03 

4.bo456P. + 04 

2.17bl4E+0l 


7.4bb40P- + 0 1 


1 . 6? 1 65F ♦ 0 3 

4.77832P +04 

1 .6 7232E+01 


4.4b9b2t + U 1 


7.48792E+02 

4.9b20 7P +04 

b .94 3w2P. + 0 0 


2 . 6b 7 obE ♦ 0 1 


1 . 57° 3 1 F ♦ 02 

b. l?SWiF + i,4 

1.26012E+00 


1 .b7/24P +01 


1 . 98781 F + 0 1 

5.299b9t + (,4 

6.088 10t-0i 


9.330 jbt+00 


b.68060F+00 

b.4733bh ♦ 04 

9 .69 09 1 1- 0 1 


b . b () 1 7oP *UU 


b. 33T6SF+00 

b. b4?l f)p. + 04 

2 . 1 8 3 0 3 E + 0 0 


3.£3A3lE+00 


7.060^^*00 

5 . B? 0 HbF + 04 

4.32 7 4 1 1 + 0 0 


1 ,89by7P. + 00 


H.2o4’66F+00 

b.994b2E+04 

6.44091 P +00 


1 . i 0846E+00 


7.13982F+00 

b. 16H37E+04 

9 ,bb34bP.+ 00 


6.46422t -U 1 


6.1 7bb6E* 0 0 

b • 342 1 3t +04 

2.20978E+01 


3. /b076t“Ul 


H.31047F+00 

b.bl bH9F +04 

7.1 7H7E + OJ 


2. 18302P-U 1 


1 • bh?48F +01 

b.b8964p. + 04 

7.342 33E +Ol 


1 ,2b44Ht-0 1 


9.284?3F*00 


J foTAl 

= 1 

. 721 ObP + 09 



PLANCK Mt AM OP AC I IV = WO 

009E-01 
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2.20B47E+04 
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b 
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5 
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5 
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i . 3o 3 1 HE *04 

1 .635745-01 
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1 .65Q69F+ 04 
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8. 437 i 5E-0* 

4.939805+04 
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1.443865+04 
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3. 04075E+04 
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4.31 083F+00 
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2. 509^55-03 

3.76462E+03 


9.44749F+00 
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2. 7 
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4. 083295+04 

3. 7 36 72E-0 1 
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5.29959E+04 
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5.29959E+04 
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3 
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1 
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4 
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4 

,4ol 76F + 03 
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2 
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i 
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6 .92 1 ?4b + u5 

1.795976*04 
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l • C 0 2 6 0 F + 0 b 

2 

.15794F+02 

7.33441 E+04 

b 

• 49620E ♦ 0 1 

5.3()bH4E + 04 

4 

• 4062 IE + 01 

3.eo24SF + 04 

1 

• B3388F + 02 

2.700 786+04 

9 

• 048 1 6E + 00 

1.90322b +04 

1 

.00662E+01 

1.33 1 6bE + 04 

1 

.25620F+01 

9.25 7 04t +03 

1 

.96C56F+01 

b. 39 7 04E + 03 

5 

.28692E+01 

4 . 39bb9E +03 

1 

.8?764E+02 

3, 00t> 77fc* 03 

3 

. 09384F+02 

2.04b 77E+OJ 

3 

.283S7F+02 

1 .38 734E + 0 J 

1 

.90393F+02 

9.368346+02 

7 

.26563E+01 

b.30U24t +02 

3 

•53160E+01 

4.22322F +02 

3 

+32823F+01 

2.82lHpfc +02 

4 

. 04989F + 01 

1.879 756+02 

5 

.26757E + 0 1 

1 .248846 +02 

7 

.16470E+01 

b.2720bfc+01 

8 

. 7 ?96oF + 0 1 

5.46bJl E+O 1 

8 

.07630F+01 

3.bQ3b4E*0 1 

7 

.02806F+01 

2. J7033F+0 1 

6 

. 16262F+01 

1 .555796+01 

3 

. 99382F +01 


J I DIAL = 2.bl452F+08 


HLANCK Mt AN OHACIlY = P. 7201 lt-fip mEAN-SUUaHFU PLANCH MF.AN UPACITY 

HOSSELaNU MEAN-FREE -PATH = 2 . 2 1 294E„+ 02 1/RUSSELANL, ME AN-F HEE-PATh 

MF AN-SUUaREI) HOSSF LAND Mh AN-EKF L-PA \ H = 2.2?715t+05 I PRIME 


1 .426176-0? 
4.51 R87E-0? 
4 • 87?30E+ 05 



D-43 


!()IAL UPACLTIES AND vuLijmf EMISSION 


39 


TFMPtHATUHe = 6 . 0 fl 0 0 0 6 ♦ U 3 

C/H MASS PATI 

OMEGA 

riUAt MU 

7. HI 9066*03 

6.84 J86t-02 

9.6566JE*U3 

2.305976-0 1 

1 .129426*04 

4.3] 0096-01 

1 .3<)J18E*04 

4. 10 762E-01 

1 .476936*04 

? • 003566-0 1 

1 .bS069F*04 

5.314566-1)2 

1.824456*04 

1.961056-02 

1.998216*04 

3. 74 7216-02 

2. 171986*04 

4 • 576846-02 

?« 3467 26* 04 

8. 15 0 3 3E “02 

2.5]94Ht+04 

6. /4 34 Ot- 02 

2.893236*04 

2. 4 34 1 ot ~ 02 

2.888996*04 

6.32341F-03 

3« 040756* 04 

2.64 4 (l5t -03 

3» 2 1 45 OF- ♦ 04 

1 .289 16E-02 

3. JHH26E + 04 

l.bH^blF-Oi 

3 » 562026 * 04 

2.843576-03 

3.7 35786* 04 

b. 13331F-03 

3.9o953F.*(i4 

1 .048396-02 

4 • 0H329E" *04 

3.021736-02 

4.25 7 056+04 

1 .442806-01 

4.430806*04 

2.87944E-01 

4 . b[)456fc * 04 

4.461Q3F-01 

4.778326+04 

3.986) 7F-01 

4 • 0520 7F ♦ 04 

2 • 6466OF-0 1 

5. 125836+04 

?.036-)8fc-0l 

5.29959F. + 04 

2 .575f)9E -01 

5.473356+04 

4.0 7 772E-01 

5.04 7 1 o F ♦ 0 4 

7.2151 IE-01 

5.H20B6E+O4 

l .319236+00 

5.994826 *04 

2.21 696F +00 

8.16837E+04 

3.11 7 0 0 h + 0 0 

6 • 342 I 3F + 04 

4. i 33o26+00 

6. 515896+04 

5. 77t>n6F + 00 

8.889846+04 

5.430 766*0 0 


J iotal 


b. 000001.-02 

PRESSURE = 1.00000E*02 

H(w.T) 

J 

6.70 7 h 6 6 ♦ U 6 

4 . 45647F *04 

7 . 09896h + 05 

1.63 7006*05 

6. 921246*05 

2.983116*06 

6.34807FM16 

2.60754E*06 

5 ■ 552286*06 

1 .11243F+05 

4.6749 IE + 05 

2.484516*04 

3.81 63SF * 06. 

7.443956*03 

3. 03J98F *06 

1 . 13690F*04 

2 » 36024E *06 

1 • 08020F* 04 

1.80 1986 + 06 

1 .46868E*04 

1 . 363b56+ 05 

9.1 2« 2 1 E* 03 

1 • 002806* 06 

2.94 1 74F ♦ 03 

7 • 3344 1 6 + U4 

4.637856*02 

6.30684E+U4 

1.403166*02 

3.80245E+ 04 

4. 9o 1 966 + 02 

2.700 786* 04 

4.54974F+ 01 

1.903226*04 

5.41 1 946* 0 1 

1.331656*04 

6.83578E* 01 

9 • 25 7 04t * 0 J 

9.705036*01 

6,39 704E*0 J 

1.93302E*02 

4.396696*03 

6.343526*02 

3, U06 7 7E + 0 3 

8.66 78 1 F* 02 

2.0467 7E *0 3 

9.1 32566*02 

1.38734F+03 

5.5?878E*02 

9. 36639E *02 

2.38431E*02 

6.300246*02 

1 .28?97F*02 

4.223226*02 

1 • 08752F *02 

2.82 i HpE *02 

1.150666*02 

1.879766*02 

1.356266*02 

1 .248646*02 

1.647246*02 

8.272061 *01 

1.833886*02 

5.466 31 6*0 1 

1 . 7 03856*02 

3.60364E *0 1 

1 i 48939F + 02 

2.3 70 336*01 

1.369126*02 

1 . 565 79h ♦ 0 l 

8.449) 16*01 


1 » b 7836E+09 


planck mean opacity = i.hiS69L-oi 
PoSSELmND MEAN-M<tr-PA I H = 3 . 795 196*01 

MtAN-SUUARH) ROS5F LAND H(- AN-F KE t-PATH = 


MF.AN-^UUAHED PLANUv MEAN OPACITY = 
1 /ROSSfc l. AND MLAN-h RE E-PATH = 
4. | i*>34t*03 1 PRIME = 


5.77 4826-02 
P.63491E-0? 
? • 0 36 1 6E* 04 



TOTAL UPALlTltb AMU VULIJMF EMISSION 


40 


d 

i 

.p 

.p 


TEMPERATURE = *r> • (> 0 0 0 0 K -» U 3 


(/H MAh'? RATIO = b • 0 0 0 0 0 1 - 0 3 PP5SSUPF. = 5.00000t*02 


(IMF (,A 

TOTAL MU 

7.H|9ub5+0J 

1 .8b 7 1 HE- 02 

9.b5b63T *03 

b. 7 63855-02 

1 .129425+04 

1 .?6H3bt-0 1 

1 .303185+04 

1 .209775-01 

1.478935+04 

5.8P4?0t-02 

1 .650695+04 

1 .512325-02 

1 .824455+04 

3.488RHE-03 

] .998215+04 

4.56/895-03 

2. 1 71965 + 04 

4.525915-03 

2.345/25+04 

2.290445-02 

2. b 1 94HE+04 

6. ! Jb4?E-03 

2.693235 +04 

2 * 8 () 3 Q BE — 03 

2.868995+04 

2 « Ob O^bE’U) 3 

3. 040755 ♦ 04 

2.28J83E-0J 

3*21 4505 + u4 

1 . 1 J412E-02 

3* 388265+ 04 

9.94 7?45-04 

3. 562025+ 04 

1.47bo4E-03 

3.73678F *04 

2.9147 0E- 03 

3.9o9535+04 

1 .21 4805-02 

4.0B329E+04 

9.37 7 105-02 

4 • 25 f 05F + 04 

5. 22974 E -01 

4.430805*04 

1 «b57l2t+00 

4.6o45bt+04 

2.429955+00 

4.778325+04 

1 .97 7| 7E+00 

4.952075+04 

H.98798E-0 1 

5.12bB3E+<)4 

3.7 0bo2E-O 1 

5.299595*04 

4.0 7 8655-0 1 

5.47335K+04 

7.798155-01 

5.8471 0E+04 

1 .594275+00 

5.8P086E+04 

3.404455+00 

5.994625+04 

b • 445925 + 0U 

b.l6837t + (J4 

9.1b3fl8E+00 

6. 342 1 JF_ + 04 

1 .28196E + 01 

b.bl bb4K+04 

1 . 834 52b ♦ 0 1 

b » 88964F +04 

1 .8051 HL+01 


h (W, I ) 

J 

b . 7 0 7 bbfc * ub 

1 .252445*04 

7. OOhObL ♦ Ob 

4.B0163F+04 

6. 921245 *05 

8.77857F+04 

b.34H0 75 + 05 

7.67970F+04 

5.5522HE+05 

3.27263F+04 

4.67491 F ♦ Ob 

7,069965*03 

3.81 b J5F + Ob 

1 .3311 3F + 03 

3. 0339HF ♦ Ob 

1 .38583F+03 

2.3b024E+Ob 

1 . 068225*03 

1 . 80 1 98F + Ob 

4. 127 33F + 03 

1 .3bJ68F +Ob 

H. 30656F+02 

1 .002801 ♦ Ob 

2.811285*02 

7.334415*04 

l • 5 l 130F+02 

5.30bH4F +04 

1.21 1995*02 

3.802455+04 

4.313205*02 

2. 700/85 + 04 

2.68653F+01 

•1. 903225+04 

2.809235*01 

1 .33lbbt*04 

3.881375*01 

9.2b 7 04t*0 3 

1.124555*02 

6.397045*03 

5.998695*0? 

4.390895*03 

2.299355*03 

3. 006775+03 

4.681 89F+03 

2.048775*03 

4.97356E+03 

1.38 7345*03 

2.743005+03 

9.388395*02 

8.418495+02 

6.30024F+02 

2.334885+02 

4.223225*02 

1.722505+02 

2.821825+02 

2.200495+02 

1.8/9/55+02 

2.996825+02 

1 .248845 *02 

A.25093F+02 

8.2 72085 + Ul 

5.3321 05+02 

5.48831 E+ul 

5.00926E+02 

3.b0384F. + 0 1 

4.819725+02 

2.370335+01 

4.348435+02 

1.555/95*01 

2.948515+02 


J I OT AL = 5.118365+08 


RLAKCN PLAN OPACITY = 5*536845-0? MF. AM-SUUARKO PLANCK MF AM OPACITY 

MOSbh LaNU MF AN-FRFF-PATH = ).30/?75 + 0<! 1/ROSSFL.ANU M5AN-F RE5-PATH 

Mfc AM— SUUAR50 ROSSF LAND MF AN-F K5L-PAT H = 4.S()M44t+0<+ l PRIME 


} .55350E-0? 
7 . 649555-03 
R.?9o72E*04 
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IOIAL OH AC i 7 J F S ANlJ VOUIMF t^lSSlON 


41 


IFMPtHATUKF = b.00000t + 0'3 C/H MASS HAT 10 = l.OOOOOt-02 PHESSUHF. = S.OOOOOE+02 


UMF (U\ 

IUI4|, Mil 

Mw. T) 

J 

7. HI 906f +u3 

4 . 520 o (IF.-0 2 

6. 70 76bt. + 0b 

.3.0 3) 86F + 04 

9.5566 JF >0 3 

! ■ bJHfiOF -0 I 

7.09B96F + 0b 

1 . 16323F + 05 

1 . 1 2942F. + 04 

3.0 7J09t-0 1 

b. 92124 fc + 0b 

2. 12696F + 05 

1 . J() 31 MF +04 

2.93) lOb-Ul 

b . 34Bo 7t ♦ Ob 

1 .K6068F+05 

1 • 4 7b93F *04 

l .42 / H2F.-0 1 

b.5b22HF +0b 

7 • 9? 767F + 04 

1 .bb069F. + 04 

1.65^336-02 

4.6 7491b ♦ 0 b 

1 . 70836F +04 

! . H?44bF+04 

8.2999JE-03 

J.BlbibF +0b 

3. 16671F+03 

l,998?]F. + 04 

1 . 0 7 164E-02 

3. 03398b ♦ Ob 

3.261 34F+03 

2. 1 7 1 9hF ♦ 04 

1 . 1 1968E-02 

2. 36024b ♦ Ob 

2.64248F+03 

2 « 3 4 5 7 2E + 04 

4 • 0 6 0 5 1 h - 0 2 

1 .Hol9Bt+0b 

7. 3 } 697F + 03 

2.5] 9*86+ (>4 

1 .47689L-02 

1 ,3b365F. + 0b 

1 .99919F+03 

2 • 6932 3F’ ♦ 04 

b.b4 lbBt-OJ 

1 . 002b0b +0b 

6.66B97F+02 

2 « B6b99E + 04 

3.58] 41E-03 

7.33^4 lb +04 

2.62676F+02 

3. 04G7bh. + 04 

3.565565-03 

b . 30684b. + 04 

1.H9219E+02 

3.2l4boE+<>4 

1 . 764 395-02 

3. B02a5L + 0 4 

6. 7 0B98E+ 02 

3.38B26E+04 

1 .566M0E-03 

2.70078E+04 

4 . 23 1 57E + 0 1 

3 • 562 02E ♦ 04 

2.4ol L2E-03 

1 .90322F + 04 

4.56Q87F+01 

3. 7357BE+U4 

4.B8533E-0J 

1.33165F +04 

6.50555E+01 

3 • 9(]9b3E + 04 

1 .9H921E-02 

9.25704b +o3 

1 .84 142E + 02 

4. CBJ29E+04 

1.48033E-01 

b. 39 7 04b ♦ 0 .3 

9.46974E+02 

4 • 25 7 ObE + 04 

B.2ob7 /E-01 

4. 39669b +03 

3.60782E+03 

4.4308QE+04 

2.42670E+00 

3 • 0 1) 6 7 7 b + 0 3 

7.29683E+03 

4 .6Q456E+04 

3. 7H412F. + 00 

2.04b77b+0J 

7. 7 45?4E + 03 

4 • 77HJ2F ♦ (J4 

3.0 7638E + 00 

1 .3B7 J4E+03 

4.26799E+03 

4 • 952 0 7K + 04 

1 . 3B43HF. + 0U 

9 . 366 39b. + u2 

1 .29667F+03 

5. l?bbJt+04 

6.27 46 Ot— 0 1 

6.30U24E+02 

3 • 3?3o6F ♦ 02 

b • 29V59F ♦ o4 

5.0bl bbE-0 1 

4 ,22322b. + 02 

2. 13765F+02 

5. 47335b ♦04 

9, lb6(5-3F_-ul 

2.B 2182E+U2 

2.5H648E+02 

b » b 4 ’/ 1 0 F- * 0 4 

1 .B32 1 Bfc + Ou 

1 .8 7975E + 02 

3 • ^4 aq5F +02 

5.H2UH6F. + 04 

3.B1 06 7E + 0w 

1.24 6 64 b. + 02 

4.7581 6F+02 

5 »994bpF. +04 

7.0 7324E + 00 

B .2 72ubb +0 1 

b . 86 1 0 3F ♦ 02 

b. 16H3 7 P. ♦ (J 4 

l . 0 1 525E+0 1 

b. 46631 1 +0 1 

5.64966F+02 

b • 342 1 3FI + 04 

1 .4 72B0E + 01 

3.60364F +0 1 

5.3Q743F+02 
6.3147 6F ♦ 02 

b.b] bH9t +04 

2.24220b +01 

2.37U33K + 0 1 

b . 6H9b4fc *04 

2.32 337b +01 

J toTAL = 

1 »5bb 79E + 0 i 
1 .201 74E+U9 

3.6) 467F+02 


PLANCK MEAN OPACITY = |.?9999L-01 MF AN-SUUAKF 0 PLANO' Mt. AA' OPACITY = 4.86124E-0? 

HOSSLLANO MF AN— F HL F — P A T H = b.3027bt+0l 1 /Pi)6Sb LAND ML AN-b KF.t-P A T n = 1.S8661E-0? 

Mfc AN-SollAHhl) HUSSFLAH) Mf aIm-F l<F fc-PAl H = 1 . 32049E+ ()i| 1 PRIME = p . 664 88E ♦ 0 A 
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TOTAL OPAL UlhS ANL) VOLUME Li’USSlON 


A? 


'tRATURt « 5.000006*03 

C/H MASb HAT 1 

■ UMEBA 

T O T A | MU 

7.81906F +03 

2.90891 L-01 

9.556636*03 

1 • 055356*00 

1 .129426*04 

1 • 97982E +00 

1 . JoJlBF *t>4 

1.888036*00 

T .4 7b9 16 + 1)4 

9. 19530E-01 

1 • 650696 + 04 

2.34/13E-01 

1.8244LF +04 

5.24932L-02 

\ .99B2ie*o4 

6.82 79HE-02 

2.171966+U4 

8.92550E-02 

2.345726*04 

2.1U4?8t-01 

2 • 5 1 9486 ♦ f)4 

1.6(11586-01 

2.69323F *04 

7.068846-02 

2 » 866996 + 04 

1 • B() 1 166-02 

3. 040756*04 

1 .00lH4t-02 

3 » 2 1 45 of *04 

4 . bb 7 806-02 

3« 388266 ♦ 04 

6.05781E-03 

3 • 56202E * 04 

1 .05712L-02 

3. 7 357BE ♦ u4 

2.206766-02 

3.9<)9536*04 

7.111 7 HE- 02 

4.083296*04 

4.1 4569E-0 l 

4 . 25 7 05E *04 

2.17940E+00 

4.430B0E*O4 

6.23J71L+0U 

4 .604566* 04 

9.7 05p5E + 0 0 

4.778326+04 

7.9bl ?56*00 

4.95207E+04 

3. 7085HE+00 

5. I?5b3E*04 

1 .522906*00 

5.29959E*04 

1 .3b 7H1E + 0 0 

5.47335E *04 

2. 181836*00 

5.6471 oE+04 

4.037336*00 

5 • 820866 + 04 

7.571816+00 

5.99462L+04 

1 .279906+01 

b. 168376+04 

1 »84b46E+0l 

b • 342 1 3E ♦ 04 

2 .823666*0 1 

6. 5] 58 9E* 04 

4.980?3E*0l 

b • bH964E + 04 

4 . 963746+ 0 1 


j Total 


b.OOOOOE-O? 

PH6SSUR6 = 5.000006*02 

B ( w ♦ T ) 

J 

6 • 70 t bbfc + Ob 

1 .95120F *05 

7 . 09b9bL ♦ Ob 

7.49188F*05 

6.921 24t*0b 

1 .37O07F*O6 

b. 348 (J 7fc ♦ Ub 

1 . 1 9B53F ♦ 06 

5.55228E + Ob 

5. 10S49F+05 

4.674916*05 

1 . 09726F+05 

3.8|b35E+0b 

2. 002806+04 

3. 0339HL+ Ob 

2. 07 159F *04 

2.3b024L+0b 

2. 10664F*04 

1 • 80 1 9HE ♦ 05 

3.791 ARF+04 

1.353656*05 

2 » 16798F + 04 

1.002bOE*05 

7 . 0R724F ♦ 03 

7.33441E+04 

1 • 3? 1 04F ♦ 03 

5.306B4L+ 04 

5.316586*02 

3.802456+04 

1.73688F+03 

2. 7007BE+04 

1.636086*02 

1. 903226*04 

2.01 1 93F* 02 

1.331656*04 

2 . 93863F ♦ 02 

9.2b 704E+0 J 

6. 5834 OF ♦ 02 

6,39/046*03 

2.65201E+03 

4.39bb9E*03 

9.582 156*03 

3.006 776*03 

1.87433F+04 

2.04677E+03 

1 .9R644E+04 

1 .387 34E + 03 

1.1 0450E+04 

9.366396*02 

3.47360F + 03- 

6.300246*02 

9.59463E+02 

4 . 22322E* 0 2 

5. 7 7655F *02 

2.821826*02 

6. 15674F+02 

1.87975E+02 

7.58918E+02 

1 .248646*02 

9.45447E+02 

B. 272066*01 

1 . 05874F *03 

5 .4663 16+01 

1.008786*03 

3.b0364F' *0 1 

1.01 755F *03 

2.370336*01 

1.1R04HF+03 

1.5bb79E*Ul 

7.72253F+02 


7 . 542536+09 


PLANCK MEAN OPACITY = H. 1 592?t-0 1 ME AN-bUU AR6U PLANCK MEAN OPACITY 
POSSELANO MEAN-FPF.F-PATH = 1.192426+01 I/ROSSb'LANO ML AN-f- REE-PATH 
Mfc'AK-SUUAPEO HOSSfLAND AN-F KF t-PAT H = 7.347836*02 I PRIMt 


T .304156*00 
8.38A2BE-0P 
1 .594256*03 
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I DIAL DP AC 1 I I L S AMU VOLUME tHISMUU 


A3 


lEMPEHATUKt = b.OOUOOE *in C/H MAbS PATIO = b.00000t-0 i PPESbUPE. = 1 . 0 0 o oot * 0 3 


OMP Ga 

1 0 1 A | MU 

♦ 0 3 

2 . bb4 o 1 E -02 

4.bbbft JE. + 03 

9 . 3bu96t-02 

1 . 12942E + o4 

3 . 7 bb?2fc-ol 

) . 3(l31HE +Q4 

l.b7S3bt-0l 

1 .4764JF +04 

H. Ib2l4h-0£ 

1 .bS0b4E +04 

2. l)H3o 7E-02 

1 .8244bfc' +04 

4 .29296E.-03 

1.99821E. + 04 

4. 7b 76 9E-03 

2. 1 7 1 9bE. ♦ ()4 

4 . 834-6bfc-()3 

2. 34b72E. + ()4 

3.177o7t-Oc 

2.S1448E +04 

H.ll I35t-(I3 

2.b93?3E +04 

4.10 7S4E-03 

2. Bbb99fc'.+ 04 

3. 4b 1 a It- 03 

3 • 0407SE. + 04 

3. 7 424lt-03 

3.21 4bot;+04 

1 .bbb?2t”02 

3.38tt2bfc+04 

1 .8MSbE--03 

3.56202E+04 

?.b8 7«bt~03 

3. 73b7«E+04 

5.b3H29t”03 

3 »9()9b 3t + 04 

3. 137) 9t”02 

4 * 08 J29E +04 

2. 74b40t-“0 1 

4.2b 705E. + U4 

1 ■ b9b4 4fc + 00 

4.430HOE+04 

4.80 1 91 f. +00 

4 . b (; 4 b b h * o A 

7.4419)1 +00 

4. 77«32t+04 

6. 0bb4bt+00 

4.9b20 7E +04 

2.6bb39h+00 

b.l?bH3L+04 

4 .234 3Bt-0 1 

b.24yS9t-: + 04 

H . bb 3 1 5E.-0 1 

b.4733bh+()4 

] .62bH9(- +00 

b. b4 71 () E +u4 

3 . 3b() 7bt + 0 0 

b.H20HbF+04 

7.2()Ho7E + 00 

S.99462E.+ 04 

1 .373s Ot. + Ol 

b« 16837 t+ 04 

1.9 7 7 t '?E + 0l 

b . 342 1 3E ♦ 04 

2.87 233t + 0 1 

b • 5 1 SH9F. ♦ ()4 

4. 27 on 7 L + () 1 

b • bH964E ♦ ()4 

4 . bo 7 ) bfc ♦ o 1 


h iw. n 

J 

b. /() 7 b bt ♦ 0 b 

1 .7 1 98bF +04 

7.09W9bt ♦ Ob 

6.b4b3lF+04 

6.92l24t +0b 

1 .2 1 SS?F + Ob 

b.348 0 7t +0b 

1 .063b3F+U5 

b . bb22Ht ♦ Ob 

4.53188F+04 

4.67 49 1 1 ♦Ob’ 

9.7 381 4F + 03 

3 . 8 l b 3bE ♦ Ub 

l.b379)F+03 

J.03348t+0b 

1.446b)F+03 

2.3b024t + ub 

1.141 1 OK* 03 

1 .80 l9Bt +Ud 

b.7?bo3F+03 

1 . 3b36bp ♦ Ob 

1 .09799F+03 

1 • 0 0 2 b (; E ♦ 0 b 

4.1 1823F+02 

7 . 3344 1 t +04 

2.53E>74F+02 

b.30bH4b+U4 

2.01 2S7F+ 02 

3.8024bE +u4 

6.33S71F+0? 

2.700 7HE.+ 04 

S.02764F+01 

1.9 0 32 2t +04 

b. 1 1 bb7F+01 

1.331 bbfc ♦ 04 

7 .b0ft?3F +01 

4 ,2b 7 04E + 0 3 

2.9041 1E+U2 

b.39704t+03 

1 .78887F+03 

4.390b9t +03 

7.0) 46SF+03 

3.0087 7t + 0 3 

1 .44382F + 04 

2.04b 7 7b + U 3 

1 .53342F+04 

1.38/.34E+03 

8.40240F+03 

9. 3bb34f +02 

2.4B807F+03 

b.30024f +02 

b.H) 78HF+02 

4.22J22E+U2 

3.61 21 BF+02 

2.821 «2b+02 

4.S8796F+02 

1 .8 797SF. + 02 

6.298S8F+02 

1.24«b4E: +02 

9.00029F+02 

B. 2720bt + 0 l 

1 .1 lblbF+03 

b.4bb3 1 1 + u 1 

1 .OH097F+03 

3.60 Jb4F + 0 1 

1 .03b(l8F + 03 

2.3703 3t + U 1 

1 . 0 1 21 bF ♦ 03 

1 • bbb 74 1 +0 1 

7 * 0 1 2 1 8F+ 02 


J InlAl = 7.b9T0bE + 0K 


PLANCK MtAN OP AC I I Y = H.2lJH4t-U? MF AlN-bUU APFU PLAI-Cis Ml- AN 1 OPACITY 

KOSSfcLAfoU Mf AN-h PE E'”PAT D = 9 . bH9 bhE 4 () i 1/ROSSh.L ANL' MtAN-F Htfc-PA I H 

Mt AN-bUllApHl POSSE LAND hp AIm-F Kr t-PATtl = 2,lSl4ot+U4 1 P H 1 M t 


H. bb4l IE -0? 

I . 03203E.-0? 
B.4832bt +04 
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If-MCtKATUKfc = b • 0 0 0 0 0 F + U 3 C/H MASS 

kAlIO = 1.00000E-02 PkEbbUkE = 

UOCOOOE + 03 

OMEGA 

1 0 I AL MU 

8 ( *f * 1 ) 

J 

7.81 906E+03 

6. fa] lQRt-02 

fa .7 0? fa fa E +0b 

4.43509F+04 

9. bbbb3E +1)3 

2 • h 1 69 1 E. - 0 1 

7.U9896E+05 

1 ,7lb75F + 0b 

1 . 12942E+04 

4.b3b3Hfc'-0 l 

b.92 1 24E +0b 

3. 1 3905F + 05 

1 .3031 HP +04 

4.3?fa49h-0l 

b.34807E *05 

2.74649F+05 

1 • 4 7b93E *04 

2.10 7 ?2E- 0 1 

b.bb22Ht+0b 

1 . 16999F+0S 

1 .bb0b9E +04 

5.3b8HlE-02 

4,fo7491E. + 0b 

2.50519F+04 

1 .82445E. + 04 

1 .0 7427E-02 

3.81 b JbE *05 

4 . 09870F + 03 

1 .99B21E>04 

1 . lb2fabE-02 

3. 0339RE. + Ob 

3.4971 4E+03 

2. 1 7 1 9bE. + 04 

1 .21441L-02 

2 » 36024E + Ob 

2.8fa630F+03 

2. 34 57 2t +04 

S.h2479E-04 

1 . H 0 1 9BE ♦ Ob 

1 . 01 358E+04 

2.bl V4Hfc +04 

i .B4 mot-ob 

1 .353faSE *05 

2.50139F+03 

2.69323E+04 

8.9b312E-*03 

1 • 0 026o£ ♦ O b 

8 » 9764 3E+ 02 

2+66b99E*04 

5.V0176E-03 

7 • 33441 E + 0 4 

4.32860F+02 

3*040 7 5E +04 

6.0 194 2E- 03 

b. 3obB4E ♦ 04 

3. 19441E + 02 

3.2l4boE+04 

?.ob3o3£-o2 

3.8044SF+04 

1+01 260F+03 

3.3BB26L+U4 

2. 79JQ2E-03 

2. 700 7HE! + 04 

7 • 54577F+* 0 1 

3.56202E+04 

4.1001 7E-0J 

1 . 9 0322E ♦04 

7.80353E+01 

3.73578E+04 

H * 99 /QOt-03 

1 .33lhSF +04 

1 .19821E + 02 

3.9()953t + 04 

b • 1 0 79 7E-0 4 

9 • 2b 7 04t + 03 

4. 72847F + 02 

4.0R329E +04 

4 . b l 4 09E-0 1 

6.39 704E + 03 

2.88768E+03 

4.25705L+04 

2.57 065E +00 

4.39bfa9£+03 

1 . 13023E + 04 

4.430B0E+04 

7. 718B1E+U0 

3.00b77t+03 

2.32078E+04 

4 . b()45bt + 04 

1 . 20 3faOE + 0 1 

2.04fa 7 7E +03 

2.46350F+04 

4.77B32E+U4 

9. 7lbM6fc +00 

1.3B/34L+03 

1.34792F+04 

4.9b20 7E + U4 

4.21 i 3 7 E + 0 0 

9.36839E+02 

3.944B3E+03 

5.1?bH3E+<>4 

1 • 33541 E + 00 

b .30024E +02 

8 • 4 l 34 2F + 02 

b • 29959E ♦ 04 

1 .02 7p8L + 00 

4.22322E+02 

4 .3384 1 E ♦ 02 

5.47335E +04 

1 .84 7 obt + 00 

2.R21 B2E+02 

5.21202F+02 

b.t)4 n OK + 04 

3, 7 4fa?4E + 00 

1 .87975E +02 

7.04200F+02 

5.820H6E +04 

7.8H845E + 00 

1 .24Hfa4F +02 

9 . U4984F + 0? 

b.99462F +04 

1 .4 79 0 7fc + 01 

H.27206E +0 1 

1 .22350F+03 

6. ) bH37L + (j4 

2. lbbfa2E+0 1 

5.4fafa3lfc+01 

1 « 18379E + 03 

fa . 34 2 1 3E + 04 

3. 3 301 bE +01 

3.60364F+U1 

1 .20007F+03 

fa.blbB9E+04 

b.3bb24E+0l 

2.37033E +0 1 

1 .26937E+03 

b.bR9fa4E+04 

b.'V 1 1B()L+ 01 

1 . bbb 79E+01 

8.BSS89F+0? 


J InTAL = |.84486E + (I9 


PLANCK Mt AM OPACITY = | 

• 99b 7 UE -01 

MF. Ak-buU Akf. L' PLANK'K MEAN OPACITY 

- 2 . ?SR0bE-0 1 

POSbE L AND ME AN-E KEF-Pa T h 

= 4 . 5 1 JSbt + 0 1 

l/HUSSELANU MtAN-EHEE-PATH 

= 2 • 2 1 955E-0? 

Mfc Ak-bWlJAREO PObbELANL) 

Mp AN-FkE L-PAT H = 

b.b7963t+03 1 PRIME 

= 1 . 0 3465E +04 
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■ ! f Rat ure = 5.ooooof:+03 

C/M MASS RATIO - 

b . 0 0 0 0 0 E - 0 2 

pressure = i.ooooot+o 

OMEGA 

TOTAL MU 

H < W , n 

j 

7. B1 906F_ + U3 

4.67942E— 01 

6.7() /6frt + 05 

3. 138796+05 

9.55663E+03 

1 • 7 ] 25HE+0U 

7.098962+05 

1 .21575E+06 

1 . 1 ?942F +04 

3.2144 lt+UO 

6. 9? 1 24t + US 

2.22477E+06 

1 .3»318E+04 

3.06631E+0U 

6.34BQ7E+05 

1 .946516+06 

1 .47693F+04 

1 .493nlE+00 

5 • 5522BE + Ob 

B.28960E+05 

1 .650696 *04 

3. 7b3l?fc-oi 

4 . 6749 IE ♦ 05 

1 • 76&57F ♦ 05 

1 .82445F +04 

7.37592E-0A 

3.815356+05 

2.814176+04 

1 .99B21E+U4 

7 • b<)523E-0b 

3 • 0 J39HE + ob 

2.368096+04 

2. 171966 +U4 

] .025H6E-0 1 

2.36024E+05 

2.4?] 296+04 

?.34S72fc*04 

2. 75680E-U1 

1 .Hoi98E+Ub 

4.96772F+04 

2.5] 9aBF. + 04 

1 -93460E-01 

1 . 353656 + Ob 

?.6l B7HF+04 

2« 693236 ♦ 04 

H. ( 08686- 02 

1 • 0 0 2 6 0 F + 0 b 

8.731 35F+03 

2.BB699F+04 

2 • b() / 95E-02 

7.334416+04 

1.91278F+03 

3* C4 0 75F1 + 04 

1 .702452-02 

5.30bB46+04 

9. 03463F+02 

3.2]450E*04 

7. 1 B462E — Ob 

3.80245E+04 

2.73192F+03 

3.388?6t + 04 

1 . 00263E-OC 

2.7007HE+04 

2.707886+02 

3 * 562 02E + 04 

1.7 (j745E-0b 

1 .yo322E+04 

3.24966F+02 

3.7357BE+04 

3.B49c)6t-0b 

1.331656+04 

5. 126816+02 

3.9q953F+04 

1 .692276-01 

9.25 7 04E+03 

1.566546+03 

4.083296*04 

1 .263606+00 

6.397046+03 

8.083306+03 

4.25 7 05t. + 04 

6.963446*00 

4.396696+03 

3.061606+04 

4.430806+04 

2.06027E+01 

3.C0677E+03 

6. 19477F+04 

4 . b0456E* 04 

3.209426+01 

2.046776+03 

6. 568956+04 

4. 77B32F+04 

2.b0046E+01 

1.387346+03 

3.607726+04 

4 . 9520 7E ♦ 04 

1 . 1424BE+0 1 

9. 360396+02 

1.070096+04 

5. l?583t + <)4 

3.694846+00 

6 .300246+02 

2.3?784F*03 

5.29959E+04 

2.549r,?t + 0U 

4. 223226+02 

1.076726+03 

5.473356 + 1)4 

4 . 03boBt+ 0 0 

2.82 1 8?t +02 

1 .13891F + 03 

5 • b4 / 1 of *04 

7 • 67BH0E + 00 

1.879756+02 

1 .44342F+03 

5.B20H6E+O4 

1 .46392E+01 

1 .246046 + 02 

1 .8?79lF+03 

5.9946?K + ()4 

2.49533E+01 

B. 272066+01 

2.064156+03 

b. 16837 F. *04 

3. 7 0975E * 0 1 

6.4hbi] 6+01 

2.027876*03 

6.34213F +04 

6.29B71E+01 

3 . 6 0 Jb4E ♦ U 1 

2..26983F+03 

6.5] 5H9L+04 

1 .22043E+02 

2.37 0 336 + 0 1 

2.892846+03 

fc>.bH96At+04 

1 . 26645L+ 02 

1.555796+01 

1 .968776+03 


InTAL = 1 • 23502E +1 0 


HL Al'Cb ME AW OR AC I I V = 1 . nbOOt +()() MFAN-SuUaREU RLAWLW MF'AM OPACITY 

FHJbSF.LANL; MF AlV-FKr.fc-PA 1 M = h . 1 5 1 95F1 + (1 0 i/ROSStLANO MtAN-F REE-P aTH 

Mt AI\-SUUAKF.O RObbf LAND «F AN-F RF.E-RA 1 h = 2.9<)823E + 02 I PRIME 


4.18670E+00 
] .226706-0] 
6. 141456+0? 



os -a 


TOIAL OPaC 1 T It. S ANU vULlJME EMISSION 


4b 


TEMPEKaTUHE = 6.5000QE+03 C/h MASS HATH) 


OMEGA 

101AL MU 

7.81906E*03 

6. 76058E-03 

,9.55663E*03 

8.B7988E-0J 

1.12942E*04 

9.64006E-03 

1.30318E+04 

9.47I83E-03 

1 .47693E+04 

8.86525E-03 

1 .65069E*04 

8.208P1E-03 

1 .82445E*04 

7.59942E-03 

1 .99821E+04 

,7 • 069ROE-03 

2.17 1 96E *04 

6.bb6B3E-0J 

2 • 34572E*04 

7.8B785E-03 

2.51 948E*04 

5.691 35E-03 

2.69323E*04 

5.13465E-03 

2.86699E*04 

4.85673E-03 

3 • 04075E* 04 

4.67791 E-03 

3.21 450E*04 

5.320^2E-03 

3.38.B26E + 04 

4.28894E-03 

3»56202E*04 

4.42977E-03 

3.73578E+04 

4.82187E-03 

3. 9o953E *04 

5.51593E-03 

4.08329E+04 

6.75716E-03 

4.25705E+04 

8.92333E-03 

4. 430R0E + 04 

1.21278E-02 

4 • 60456E + 04 

1 .81B62E-02 

4.77832E+04 

2.81232E-0 2 

4.9B207E+04 

4.691 01E-02 

5. 12583E+04 

7.84273E-02 

5.29959E+04 

1 .34430E-01 

5.47335E*04 

2.341?2E**01 

5.64 710E+04 

4.28364E-0 1 

5.82086E+04 

7 »456l 2E-0 1 

5.99462E*04 

1 .20575E+00 

6. 16B37E*04 

1 .3H976E+00 

6. 342 1 3E+04 

1 . 48693E* 00 

b.b} 589E+04 

1 .59173E+00 

6 • 68964E* 04 

1.34171E+00 


J iotal = 


b. OOOOOE-03 

PPEbSUHE * 1 » 00000E* 02 

H (W, T ) 

J 

1 .22b68E*06 

H.28632F*03 

1.42b35E*06 

1 .26569E* 04 

I .53436K*06 

1 .47913F*04 

1 .55994E *06 

1 .477B5E*04 

1.5l7loE*Ob 

1 .34495E*04 

1 .423 79E*0b 

1 . 16867E*04 

1 .29 788E *06 

9.86088E*03 

1.15384E*0b 

8.15740E*03 

1.00476L+06 

6.58777E*03 

8.59328E*0b 

6.77826E+03 

7.23S21E *0b 

4. 11781 E* 03 

6.00«69E*0b 

3 • 08525E*03 

4.92995E+U5 

2.39435E*03 

4.00I52E+05 

1.87188E+03 

3.21 68oE *05 

1.7l 151E+03 

2.56J68E+05 

1.09955E+03 

2.02 726E *05 

8.98029E*02 

1 .591 75E* 0b 

7.67521E+02 

1 «24175E*0b 

6.H4943E+02 

9.6301 IE* 04 

6.50722E+02 

7.42803E+04 

6. 6?827E* 02 

5. 70097E+04 

6.91404E*02 

4.35b34E*04 

7.92o72E*02 

3.3131 5F*04 

9.3l764E^02 

2.51 037E* 04 

1.1 7762E* 03 

1 .89509E+04 

1.4R627E+03 

1 .42570E*04 

1.91656E*03 

1 .0691 lf*04 

2.5o302E*03 

7 . 99288E* 0 J 

3.42386E*03 

5.9SH69E+03 

4.44287E*03 

4,43034E*03 

5.34 1 87E*03 

3. 2857 j E* 03 

4.56633E*03 

2.43101 E *03 

3.61474E*03 

1 .79459E*0J 

2.8B650E*03 

1 .32196E+03 

1.77368E*03 


2 • 78R69E*08 


PLANCK MEAN OPACITY = 9.61967E-03 MEAN-SUUAPEU PLANCn MFAN OPACITY = 1.91339E-03 
POSSELttNO MEaN-FHEF-PATH « 1.45279t+02 1 /KOSSEL AND ME AN-F REE-P A TH = 6.8B333E-03 
ME AN-SOUAREI) ROSbELAND Mp AN-F Kfc t-PATH = 2.299S3E+04 I PRIME = 2,67205E*04 
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IFMPtNATUKt. = h.SOOOOF. + O.T t/H MASS NAT 


OMtbA 

rtUAL MU 

7.B1906E+03 

b.993RiE-03 

9.55bbjF+03 

9 . 2H 1 25E-0 J 

1 . 129421 *04 

1 .02S29E-02 

1. JoJlBl+04 

1 .00663E-02 

1 .47B93E+04 

9.241 9BF.-0 J 

1 .bb069k +04 

8.45225E-03 

i .8?445t+04 

7.93bH4E-03 

1 .99B21t + 04 

7.71 302E-03 

2. 17 1961. + 04 

7. 21 23 1 £-03 

2.345 72E + 04 

1 .GOBI OE-02 

2.bl V4HE+04 

b • 0 1 953E-03 

2.bP323E+04 

5 • 2 f bl LE-03 

2. B6699E+04 

4.99398E-U3 

3.04075E+04 

4.91 259E-03 

3.21450E+04 

6 • 3B396E-03 

3.38B2bE+04 

4. 34 J20E-03 

3.5b202E+04 

4.4B5obt-OJ 

3.7357HE+04 

4.H«2J0t~03 

3.9(j953E+04 

5.bB93()E-03 

4. 08329E+04 

6.B8097E-03 

4 . 25705E + 04 

9.B4222E-03 

4.430B0E+04 

1 • 26B47E-02 

4 . bo456t + 04 

1 .B94A2E-02 

4.77BJ2E+04 

2.BB110E-02 

4.95207K+04 

4.73502E-02 

5. 1?583E+U4 

7.B7 lAbE-02 

5.29959E+04 

1 .34722E-01 

5.47335E+04 

2 . 345 1 9E-0 i 

5.b47l 0E+04 

4.2B940E-01 

b.B20BbE+04 

7.46439E-01 

5.99462E+04 

1 .2O6R6E+00 

6. lbB37E+04 

1 .39U7E + 00 

b. J4213E+04 

l .48941E+0G 

6.51589E+04 

l .59493E+00 

b.b»964E+04 

1 ,34bn3E+00 


j inTAi 


1 .00000L-02 

PRESSURE = l.OGOOOt+02 

13 ( w , T ) 

J 

1 »225b8E + Ob 

8.5721 HE + 03 

1 .42535E + 06 

1 .3?290F+04 

1 «5J436t + Ob 

1 • 5731 7F ♦ 04 

1 .559941 ♦ Ob 

1.57029F+04 

1 .bl 7l0h+0b 

1.4021 0E+U4 

1 .4237VE+0b 

1.20342F+04 

1.29 7b8E + 0b 

1 . 02987E+ 04 

1.153841 + Ob 

8.89957F+03 

1 .00A76E+0b 

7.24667F+03 

8 • 59328E + Ob 

H.6B287E+03 

7 «23b2 lt + OS 

4.35526E+03 

6.00Hb9t+Ob 

3.17025E+03 

4.9299bE*0b 

2.46201F+03 

4.00 152E*0b 

1.96578E+03 

3.21bB0E+0b 

2.04716F+03 

2.b6JbBE+0b 

1 . 1 1 346E+03 

2.0272bE+u5 

9.09237E+02 

l.b9175E+0b 

7. 77 1 4 IF* 02 

1 .241 7SE+Ub 

6. 94053E+02 

9.6301 1E+04 

6.62645E+02 

7.42B03E+04 

7.31 083E+02 

5.700971+04 

7.231 52E+02 

4.35534E+04 

8. 25 1 70F + 02 

3.31 315E+04 

9.54552E+02 

2.51 037E+04 

1. IB867F+03 

1 .B9509E+04 

1.49 175E+03 

1 .42b70E*04 

1.9?o72E+03 

1.0691 1E+04 

2.50726E+03 

7.99288E+03 

3.4?846F+03 

5.9SHb9E+03 

4.44 780F + 03 

4.43U34E+03 

5.34683F+03 

3 . 2857 ) E+ 03 

4.571 98E+03 

2.43101 E +03 

3.6207RF+03 

1 • 79459E+0 J 

2.H6225E+03 

1 .321961+03 
93570E+08 

1 .77807E+03 


PLANO Mt AN UHACHY = 1.0126HE-U? MF AN-buLANF.I) PLANO MIAN OPACIIY = 1.92744E-03 

NOSSELaND MMN-F NfcF-HATH = 1.3bb85E + ()2 1 /HCISSfc LAND MtAN-1 REE-PaTH = 7.31716E-03 

Ml AN-SUUANtl) MOSSHLAND ME AN-pKl t-PATH = 2 . 055481+04 1 PRIME' = 2.40598E+04 



ZS-I 


IUIAL OPACITIES AMU VULIJMF MISSION 


48 


d 


f 1 MUfcHATUNt = 6.5(|OOOE + Ol C/H MASS PAll 


OMKiA 

KM A) MU 

7.H1906E+03 

1 .27045E-02 

9.556631+03 

1 .950 78E-02 

1 . 12942E+04 

2.639?oE*-02 

1 »3o3lBE + 04 

,2.b663)E~02 

1 . 47693E+ 04 

) .86820E-02 

1 .65069E+04 

1 .404*2E-02 

1 .82445E+04 

1.631 05E-02 

1 .99B21E+U4 

.2.4532JE-02 

2 . 1 7 1 96t. + 04 

2.49792E-02 

2.34572FX14 

3. 1H312E-02 

2.51 94BE+04 

1 .0484 7E-02 

2.69323E+04 

7.40254E-03 

2.B6&99E+04 

6.59049E-03 

3.04075E+04 

6.97773E-0J 

3.21450F+04 

1 .45037E-02 

3.38826F>()4 

5.194Q4E-03 

3.56202E+04 

5.48 731 E -03 

3.73S78E+04 

6.073RHE-0J 

3.40953E+04 

7 • 07622E-03 

4.08329E+04 

9 . 036 f9E~ 03 

4.257 05E+ 04 

3. 1 9258E-02 

4.430H0H+04 

1 .8B356E-02 

4 .6o4b6E+04 

2.701 81 E-02 

4.77832E+04 

3. 71605E-02 

4.9520 7E + 04 

b. 48091 E-02 

5.12583E+04 

8.60 797E-02 

5.29959E+04 

1 .4a 3I HE-Oi 

b.47335E+04 

2.4881 4t-0l 

5.847) OF +04 

4.5) H5E-01 

5.82088E+04 

7.80301E-01 

5.99462E+04 

1 • 255 1 4E+ 00 

6. 1 68 j7E + 04 

1 .45695E+00 

6.34213E+04 

1 .57 045E + 00 

6.51 5H9E+04 

1 . 6H673E+ 00 

6 • 68964 E ♦ 04 

1 .43174 E + OO 


5.000001.-02 

PRESSURE = l.00000t+02 

H < W * T ) 

J 

1 »?256Ht +0h 

i.5571 7E+04 

1 .425351 +06 

2.78054F+04 

1 .53436E+06 

4. 04948F+04 

1 .559941+06 

4. 00329F+04 

l.bl 7 1 ot ♦ 06 

2.83426E+04 

1.423 791+08 

) • 999R8E+ 04 

1.297581+08 

2. 1 1 643F+ 04 

1 . 153841 +06 

2 • 83063E ♦ 04 

1 .00478E+08 

2.50982E+04 

8.59328E+05 

2.73535F+04 

7 .2 352 It. + 05 

7.58590F+03 

6.00tJ69t +ub 

4.44796E+03 

4. 929951. + 05 

3.24908E+03 

4.001521+05 

2.79216E+03 

3.216801+05 

4.66555F+03 

2.56368E+05 

1.33182F+03 

2.02 7261 +05 

1 . 1 1 242E+03 

1.591 75E + 05 

9.66809E+0? 

1.24175F+05 

8.78693E+02 

9.6301 IE+04 

8. 7 0253E + 02 

7.42803E+04 

2. J7146E+03 

5.70097t+04 

1.07381F+03 

4.35534E+04 

1 .17673F+03 

3.313151+04 

1.2311 8E+03 

2.5103 71. + 04 

1 .37Q89R+03 

1 .89509E+04 

1.63129E+03 

1 .42570E+04 

2.05753E+03 

1.0691 lt+04 

2.66009E+03 

7.992881+03 

3.60595E+03 

5.958891 +03 

4.64958E+03 

4.43034E+03 

5.56071E+03 

3.2B57 11. + 03 

A..78712E+03 

2.4310 1 F+03 

3.8) 777E+03 

1 .79459E+03 

3.02698E+03 

1.32196E+0J 

1 • 8927 1 E ♦ 03 


J I01«L = 5.9S956E+08 


PLANO MEAN OPACIIY = 2» dbb 7 71-“ U? MEAN-5 uUAPEU PLAMLK ME AM OPACIU 

ROSSELaNU MMN-FHtfc'-PATH = 7.b4042t+01 1/ROSStLAMl) ME AN-F REE-P A TH 

MFAN-SUUAHtl) RUSbFLANI) Mf- ftN— FREE— PATH = 7.B4201E+03 1 PRIME 


2.445H2E-03 
l • 32M 9E-02 
I . 08R51E+Q4 
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I F MP6 HA I UKt. = 6.50000E+U3 C/H MASB RATIO = b. 000006-03 PRESSURE = 5.000006+02 


OMF.CA 

TOT A[ MU 

7.H1906E+03 

7, 000 92 fc- 02 

9. 5566 JE.+ 0 3 

8 • 99^*4 7t-02 

1 . 12942E + 04 

9.9bbl 7E-02 

1 .303 ! 86+04 

9.69367E-02 

1 .47b93E+04 

8.648?9E-02 

1 .650696+04 

7 . 656()6E-02 

1 . 82445E + 04 

6.99299E-U2 

1.99B21E+04 

6.59 7s5E-U2 

2*1719 6E +04 

6.141 04E-02 

2.34572E+04 

H.57836E-02 

2 • b 1 94BE + 04 

5.36738E-02 

2.693236*04 

4. 759 1 7E-02 

2 « 86699E+ 04 

4.50262E-02 

3 . 040 75E + 04 

4.4A960E-02 

3«2l45oE + 04 

5.657UE-02 

3.38B26E+ 04 

4. U907E-02 

3.56202E+04 

4.44116E-02 

3.7357BE+04 

5. 0H276E-02 

3.90953E+04 

6.23430E-02 

4.08329E+04 

8.7H636E-02 

4.257056 +04 

1 .4/628E-01 

4.43080E+04 

2.4 3539E-0 1 

4 ,bo456E + 04 

3.639736-01 

4.77832E+04 

4.7 7088E-01 

4.95207E+04 

6.7 4832E-0 1 

5.125836. + 04 

1 .06002E4.00 

5.299596+04 

1 .7963 7E4 0 0 

5.473356 +04 

3. 1329661 + 00 

5.64 71 0E + 04 

5. 73629E+00 

5.82086E+04 

9.987 84E + 0 0 

5.99462E+04 

1 . 6 1 b60t ♦ 0 1 

6*1 6837E +04 

1 .66526E+01 

6.34213E +04 

2.00 364E + 0 1 

6.51 589E + 04 

2*1 560 7E ♦ 0 1 

6.68964E+04 

1 .82561E+01 


j IoIal = 


B(W.T) 

J 

1 .225686 *06 

8.5R089F+04 

1.42535F +0b 

1.28202E+05 

1 .534 J6E + 0b 

1.5?748E+05 

1 .55994E + 06 

1.5121 6E+ 05 

1 .51 71 ot+Ob 

1 .31203F+05 

1 .423796+06 

1.09006E+05 

1.29 788E+06 

9. 07 399E + 04 

1.153846+06 

7.612506*04 

1 .00576E+U6 

6. 1 7029E + 04 

8.59328E+05 

7.371 63E+04 

7 .235? 1 E + 05 

3. 8834 1 E+ 04 

6.00«69E+l)5 

2.R5964E+04 

4.929956+05 

2,21 977E + 04 

4.00 152E + 05 

1.78052E+04 

3. 21 6HoE ♦ 05 

1 • 8 1 978E ♦ 04 

2.56368E+05 

1 .06H3E + 04 

2.02726E+O5 

9.00339E+03 

1.59175E+05 

8.09049E+03 

1.241 75E+U5 

7.74147E+03 

9.6301 1E+04 

8,461 36E+03 

7.42«03t+04 

1 .09659F+04 

5.7 009 7E + 04 

1 .38840E+04 

4 ,355 J4E + 04 

1 .58523E+04 

3.31 31 5E+04 

1 . 58066E+04 

2.51037E+04 

1 .69408F+04 

1 .89509E + 04 

2.00885E+04 

1 .425706 +04 

2.56393E+04 

1 .0691 1 6 +04 

3.34947E+04 

7.99288E+03 

4.58495E+04 

5.95869E + 03 

5.95145F+04 

4.43034E+03 

7.1S765E+04 

3.28571E + 03 

6. 12871F+04 

2.43101E+03 

4.870A7E+04 

1.79459L+03 

3. 8692 7E 4 04 

1.321 96E + 03 

?4 4 1 338E* 04 


J. 010246 +09 


PLANCK ME. AN UPACIIY = 1.038396.-01 

ROSSELaNU MFAN-6R6>-PATh = 1.47S76E401 

ME AN-SUIJARtl) ROSSELAND Mp aN-KHE 6.-PAT M = 


MF.AN-SuUaWEO PLANCK MEAN ORAL I 
lYROSSELANU MtAN-FREE-RA 
414 09t ♦ 0 ? I PHI 


tY = 3.42076E-01 

TH = 6 • 776 1 5E.-0? 

**£ = 2.75393E+0? 
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VOLUME EMISSION 
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1 F.MPEHA T ORE = b.SOOOOE + l) t 

C/M MASS RAT 10 = 

1 .OOOOOE-02 

PRESSURE = 5. 0O000E+02 

OMEOA 

f 0 1 A | Ml! 

Ft { H * 1 ) 

J 

7 • HI 9()bE ♦() 3 

7 . B l /45E-02 

1 .22bbRt+00 

9.5W1 70F+04 

4.55b63E+0J 

l . 04b()bE-0 1 

1 ,42S35E*0b 

1.56227E+05 

1 . 12942F. + U* 

1 .31H37E-01 

1 .53436E+0b 

2 • 022R5F + 05 

1 .JO 31 BE ♦04 

1 .2B4J7E-01 

1 .55994E*0b 

2 • 00 354F + 05 

1 .47&93E+04 

1 .04939E-01 

1.51 71 ()E ♦Ob 

1.59203F.+ 05 

1 .bb0b4E+04 

B.4427 7 E-02 

1 .42J79E*Ub 

1 .20207E + 05 

1 .H2445F>04 

7.59b3()E-02 

1 .29/5HL*0b 

9. 85b84F+04 

1 .99B21E+04 

7.63276E-02 

1 • 1 53B4E + Ob 

8.80696E+04 

2.17 19fcE + ()4 

7.21 7 J3E-02 

1 » 0 O'* 7 bE * Ob 

7.25172E+04 

2.34S72F>04 

1 . lBOlJE-Ol 

B.59J2HE+05 

1.01412E+05 

2.5194BE+04 

5.9207bE-02 

7 .2352 1 E+ Ob 

4.28379E+04 

2 . 69 J23F. + 04 

S.01366E-02 

6. 00Bb9E* 05 

3.01255E+04 

2 • Bt>b99E + 04 

4.72212E-02 

4.92995E+05 

2. 3?798E+04 

3. 04075E+04 

4 . 79b*»9E -02 

4.00 152E ♦ 05 

1.91 933E ♦ 04 

3.21450E+04 

7.15253E-02 

3, 2 1 bHOE'* 05 

2.300B3E+04 

3. JBB26E+04/* 

4 .22944E-02 

2.5b3bBE*0b 

1.08429F+04 

3.bb202E+04 

4 . 54260E-02 

2.0272bE+05 

9.20403E+03 

3. 7357BE* 04 

5.22036E-02 

1.59175E+05 

B.30951F+03 

3.90953F. + 04 

6.530R9E-02 

i .24 l 75E+05 

8. i 0976E+03 

4.08329E+04 

9.89472F1-02 

9 , b3 0 l 1 E + 04 

9.5?B72F*03 

4 .257 05E *04 

1 ■ 9b89 1 E-0 1 

7.42U03E+04 

1.46251E*04 

4.430B0E+04 

3.33401F.-01 

5. 7 0097E+04 

1.90071E+04 

4.bo45bE+U4 

4.91230E-01 

4 . 35534E + 04 

2.1 3447E + 04 

4 . 77832E + 04 

5.B6B73E-01 

3.313 1 5E + 04 

1 . 94 4 4 OE * O4 

4.95207E+04 

7.357/.7E-01 

2.51 OJ7E+04 

1 • 847 00E ♦ 04 

5. I2583E+04 

1 .0BB94E+00 

1.B9509E+04 

2. 06364E+ 04 

5 . 29959E* 04 

1.62110E+00 

1.4257oE*04 

2.59633E+04 

5.A7335E+04 

3. 16397F>00 

1.0691 1 E* 04 

3.3R263E+04 

5.b47lOE*()4 

5. 7B476E*00 

7 . 992H8E* 03 

4.62369F+04 

b.H2086E+04 

1 .OOb25E+Oi 

5.95B69E+03 

5.99596E + 04 

5.99462E+ 04 

1 .62bb0E+0i 

4.43034E+U3 

7.20639E+04 

6. 16B37E+04 

1.BB199E+01 

3.28b 7 1 E + 03 

b. 1 R367F ♦ 04 

6* 34213E + 04 

2.03035E+01 

2.43 101E+03 

4. 93580E ♦ 04 

b » 51 589K + 04 

2.196A3E+01 

1 .79459E +0 3 

3.94204E+04 

b«bR964E' + 04 

1 . B6B36E + 0 1 

1 .32l9bE‘*03 

2.469H9E+04 


j total = 3 

.4Bb65E*09 



PLANCK MEAN OPACITY = 1 . ?li2 19E-IM ME AN-SUU APED PLANCrv MEAN OPACITY = T.53R48E-Q1 

ROSSELANU MtAN-EHtF-PATH = 1 . 24 I R2E + 0 1 1 /ROS5EL AMI) MEan-F REF.-P A TH = 7.705?3E-0? 

MEAN-SOUAREO ROSSFLAnI) ME AN -FRF. L -PATH = 1.94bB3E*<)2 I PRIME = 2.3079UE+0? 
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IOIaI. OH AC 1 T IKS Arc VUl IJMF F MISS Hon 


6 1 


I F MF'F Krt I Ufit = b.AyuOOfc * (M C/H MASS HAIlO 


onto a 

IO|A( MU 

/.Hi 9o6F +U3 

2 . IblR/b-Ol 

9.b56h (F +i! j 

4.49ol2F-Ol 

1 . 1 ?942 F + 04 

6.9321SF-01 

1 .3(1 J IMF +04 

6 . 758/86-01 

1 .4769 it ♦ 04 

4. 2?/) 6 b -01 

1 .65069F +04 

2.14/296-01 

1 .8?44bF +04 

1 . /4 jRHt-Ul 

1 .99B21F ♦Oh 

?.493a IF -01 

2. 1 7 1961 +04 

2.643H4F-01 

?• 345 72F. + 04 

3 « 836(1 76-0 1 

?.bl 948b +04 

) • 46b92t -0 1 

2. 69323b +04 

9.42246F -Of 

2.86699b +04 

6.9 / / 356-02 

3 • 040 7bt ♦ 04 

7. 14022 1 -02 

3.2] 4b()6 + 04 

1 .609416-01 

3 « 38826b + 04 

5.285496-02 

3.S6202F +04 

b.929-,j(tF-02 

3. /?b7Ht +04 

7. 194646-02 

3.9 09b3fc'+04 

1 » 00o?26-0 1 

4 . 08329b +04 

1 . HB9k9F.-0 1 

4 . 2b 7 ObF +04 

6.429016-01 

4. 43080b +04 

9.012976-01 

4 . b{)456t +04 

1 .291796+00 

4.778326+04 

1.314296+00 

4.95207b +04 

1 . d 1 b346 + 00 

b. lRbHJf +04 

1 .4J1R3F. + OU 

S. 29959b +04 

? . 2 (lbbb 6 + 00 

b • 4 73356+04 

3. / 334bF. + 00 

b • 64 7 1 OF ♦ 04 

6.6H7 /H 6+00 

S.B208b6+04 

l . 146096 + 01 

b • 994626 + 04 

1 .829136+01 

b.lbtt37F. + (;4 

2 . 160086+01 

6.3421 JF. ♦ (;4 

2.4(j J|)bF. + Ol 

b.bl 5896+04 

2.692/* 7b +0 1 

b .6H964F. ♦ i)4 

2 . 349f)46 + 0 1 


J iotal = 


b. 000006-02 

HcF.bbUHF = b. 000006 + 02 

Fi ( w » 1 ) 

J 

1 .22bHHF ♦ Ob 

2.64976F+05 

1 .42b3SF + Oo 

6.3999BF+05 

1 . b J4 36F + 0 o 

1 • 06364F ♦ 06 

1 . bb‘i'y 4 F + 0o 

1*054 33F + 06 

1 .b 1 7 1 ob +uo 

6.4 1 3 0 4 F + 0 5 

1 .423 79F + 06 

3.05729F+05 

1 .29 7bHF +Ob 

2.262R3F+05 

1 . 1 b3«4F +06 

2.87699F+05 

1 .0 O'* 76b +06 

2.65628F+05 

H . 5 9 3 2 H F. ♦ 0 b 

3.29644F+05 

7 .23b2 1 F +0b 

1 .06062F+05 

6.00H69F +0b 

5.661 67F+04 

4 .92V96F + 0b 

3.43980F+04 

4,001 b2t +Ob 

2.8571 8E+04 

3.21 bHob + 0b 

5.1771 6F+ 04 

2.b6J68b +0b 

1 » 35503E + 04 

2 . 02 72bb +0b 

1 .20200F+04 

1 • b9 1 7bF +Ub 

1.14521E+04 

1 .241 7bb +05 

1 .24202F+04 

9.630 1 It +04 

1.81999F+04 

7.426031: +04 

4.77549F+04 

b . 7 009 7F +U4 

5.13826F+04 

4 . 3bb34t +04 

5.6?61 BF+04 

3.31 J15E+04 

4.35443E+04 

2.510376+04 

3.05096F+04 

1.89&096+04 

2 . 7 l 288E+ 04 

1.425706+04 

3. 1 4445F + 04 

1.069! 1 1 +04 

3.991 46F+04 

7.9928HF +03 

5 . 34&46F + 04 

5.9t>6b96 + u3 

6.B?9?lF+04 

4.430346+03 

8. 10367E+04 

3.2H5716+0J 

7.09740F+04 

2.4J1 01b +03 

5.841 86E+04 

1 .79459b +03 

4.8318BF+04 

1 .321 96b +03 

3. 10533F+04 


! .u noot + lo ■ 


HI AKCtv Mb AN OHaCIIY = 1 . 6 <) A 4bb -0 1 MF AN-buUAHfc D 8LANCA MF AN OPACITY = 6.33593E-01 

KOSSF.lANL) MF AN-F lit> “HA T M a b.B2|/,9b + U0 1/HOSSFLANI) Mt AU-F K66-HA TH = 1.71771E-01 

Mb AA-bUUAHtl) NoSSFLAM) Mf AN-F KF.F -PATH = b . f,o 30 76 ♦ 01 1 H H I F t = 8.?6480b+01 
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o 


IFMH-KAUlHt = b • b () 0 0 9 1 ♦ 0 3 


C/H MAbb HATH) = b.OOOUOt-OJ 


poesbuHE 


1 .OOOOOE+03 


7. 
9. 
1« 
1 • 
1. 
1 • 
] • 
1. 
2 . 
2. 
2 . 
2 . 
2 . 
3. 
3. 
3. 
3. 
3. 
3. 
A. 
A. 
A • 
A. 
A. 
A. 
5. 
5 • 
b* 
5. 
b. 

5. 

b. 

6. 
b. 
b • 


omega 

T 0 7 A l MO 

H(w»T) 


J 

B]90bE 4 03 

1.49Ho2t-01 

1 • 22bbHt * Ob 

2 

• A4893F 4 05 

55b63E+o3 

2.51 292t-0.1 

1.4253SE * 0 b 

3 

• 581 78E 4 05 

12942E 4 o4 

2. 79bb8t-6l 

1 .b3A3bt*0b 

A 

• 2911 IF 4 05 

3()318E*oA 

2.7 0b4 Ob-0 1 

1 .b599At + Ub 

A 

• 2?1 B2F 4 05 

A7b93E+0A 

2.3b2bBfc-0l 

l .bl / 10t + Ub 

3 

. 56926E 4 05 

b5069E>U4 

2.02A9HE-01 

1 .A23/9t*Ub 

2 

.8831 3E 4 0b 

«2AA5E*0A 

1 .B2229E-01 

1 .297bHE + Ub 

2 

» 36457E 4 05 

99B2 IE 4 04 

1.709P1E-01 

1. lbJ8At*0b 

1 

• 9728AE+ 05 

1 7 196E *04 

1.59091E-01 

1 . OOA7bfc + Ob 

1 

• 598A9F 4 05 

3A572E +0A 

2.21235E-01 

8 • 59328E ♦ Ob 

1 

.901 1 3E 4 Q5 

5 1 9AHE + 04 

1.39bo3E-Ol 

7.23b2H:+Ob 

1 

.01 006E 4 05 

b9323t ♦ 04 

1.23921E-01 

b.00bb9t + 0b 

7 

• Aa6o 1 F 4 OA 

Bbb99E 4 04 

1.1 G993E-0 1 

A.92995E*0b 

5 

.767726*04 

0A07bE +0A 

l.lb4?6E-0l 

A.00l52fc+0b ■ 

A 

• 62080E 4 OA 

21 AbOt + 04 

1 . Ab 1 0 7E-0 i 

3.21 b8ofc *05 

A 

•69997E 4 04 

38B26E 4 UA, 

1.07623E-01 

2.5b3bHE+0b 

2 

. 759 1 IE 4 OA 

56202E-KIA 

1 .15727E-01 

2.027 2bt *0b 

2 

. 3A609F ♦ OA 

73578F. + 0A 

1 .33 J22E-0 1 

1 .591 75t*05 

2 

•1221 5E + 04 

90953E+OA 

1 .69331E-01 

1 .241 75E *0 b 

2 

. 1 0268E 4 0A 

08329E+0A 

2.7 1 b()8t-0 1 

9.b30 1 1E+0A 

2 

• 6 1 A 65F 4 04 

257(|5f +0A 

5.529PAE-01 

7.A2803E *0A 

A 

.10765E+0A 

A3080E+0A 

1 .03897F + 00 

5.7 0 09 7E 4 OA 

5 

• 9?3 1 5F *04 

bo A56E 4 04 

1 .52A29E+00 

A.35534E 4 OA 

b 

.638796*04 

77M32E+0A 

1 .733o6E*00 

3.3131 56+04 

5 

• 7 A 1 88E 4 04 

95207E*OA 

2.01 H39E+00 

2.51037E+0A 

5 

. 0 6692E 4 OA 

12B«3E 4 04 

2.87233E+00 

1 .89b09E + 0A 

5 

• Aa33AE 4 0A 

29959E+0A 

A. 7bbA7E + 00 

l.A2b70E + 0A 

6 

• 79639E 4 04 

47335E 4 OA 

8.28bQ0E + 00 

1 . 0b9 J 1 E + 0 A 

8 

•85959E 4 0A 

bA7 1 Ot+OA 

l.blb81E+01 

7.99288E+03 

1 

. ? ] ?37E 4 05 

B208bt +0A 

2.6A074E+01 

5.95869E 4 03 

1 

. 5735AE 4 05 

99A6H6 + 0A 

4.272^7E+ul 

A.A3D JAE 4 03 

1 

. 8929 OE 4 05 

lbB37E +0A 

A.9*tAi 2E+01 

3. 2857 1 E 4 0 3 

1 

• 624 49F 4 05 

34213E+U4 

b.343Mt + 0i 

2.A31 Olt *03 

1 

•2990AE 4 05 

bl 589E 4 OA 

b.798?7E+0l 

1 .79A59E 4 03 

1 

. 040576*05 

b8964E 4 04 

A . 9<f Jopt + 01 

1 • 32 1 9bE 4 03 

b 

. 51573F 4 OA 


J IflTAL = 8.24399L+09 


Pl.AlvCK Mt AN OPACITY « 2»HAJ79t-01 MF AH-bUUAPEO PLANUv Mf - an OPACITY 

PObSELANL) MF AN-P REF -HA T H = S.bbJnbE+UC 1 /POSSE LANP Mt AM-F REE-PATU 

ME AK-SOUAPEI) POSbtLANO Mf AN-FPt E-P A 1 H = 3 . ARpbAt* 0 1 1 PRIME 


2. A3607E+00 
1 .79757E-01 
A » 0 1 3b9E*0 1 



D-57 


TO lot. ORAL llJtS AON VUl t|M| EMISSION 


6 N'Pl NATURE = 6. 500006 *0 1 ( /h MASS KM 10 s 1.000006-02 


PRESSURE = I.OCOOOE+03 


OMEliA 

10! A( MU 

B ( V. . T ) 


J 

/.M] 9066 -MU 

2.262836-01 

1 . 225686 ♦ Ob 


2. 773506 + 05 

9.55 bb36 + C3 

J. 1 9 1 886 - 01 

1 .42b3b|- ♦ 0 b 


4 .54954F+0S 

1 . 129426 +04 

J • 920956.-0 1 

1 .53*366 +06 


6.01MSE + 05 

1 . 303186 +04 

3.HQ4A3E-01 

1 .559946+06 


5.93500F+05 

1 .4?b93t +04 

2.990926 -01 

l.bIMOt+Ob 


4 • 53754E ♦ 05 

i .6S0896 +04 

2.2/6M6-0 1 

1 ,42.s 796 *0b 


3.24149F+05 

1 .8?44bt ♦04 

J .97 K:9fc -01 

1 . 29 < SHE +0b 


2.55766F+05 

1 .9982 ) 1; +04 

1 .94 0381- -01 

1 .1 5JH46+06 


2 * 218B8F ♦ 05 

2. 171961- +04 

1 .832b6fc“0 1 

1 .004 7 bt + Ob 


1 .841 39F*05 

H. J4b72h+04 

2.9b643t-0l 

8.59 32Bt + lib 


2.54914F+05 

2-519486 +1)4 

1 . 538446 - 0 1 

7.2 352 1 fc ♦ ub 


1*1131 OF+Ob 

2.b93236 +04 

1 .3(>85SE-0l 

6.008696+05 


7.86269E+04 

2.866996 +04 

1 .226936 -0 1 

4.929956+05 


6. 048706 + 04 

3*0407bt +1)4 

1.239646.-01 

4. 00 15?t ♦ Ob 


4.96P43E+04 

3.21 4506 +04 

1 .HI 1 1 Ot-Ol 

3.216801: +0b 


5.8?595E+ 04 

3.388266 +04 

1. 1 0 0fi9E-0 1 

2.563b8t ♦ Ob 


2.821 81F+04 

3 .5b202E + 04 

1 .185386-01 

2.02/266+05 


2.40307E+04 

3.735786 +04 

1.3762BF-01 

l.b9l7bE+0b 


2. 19069F+04 

3.90953E+04 

1.82198E-01 

1 .24 1 7bE *05 


2.26245F+04 

4.083296 +04 

3.321386-01 

9.630 1 16+04 


3. 198536*04 

4 .25705E+04 

8.03085E-01 

7.428036 +04 


5.9651 IF+04 

4.430806 +04 

1 ,5/b?9E+00 

5.700976+04 


8.9R067F+04 

4.604566+04 

2.28b39E+0C 

4.35534E+04 


9.95365F+04 

4.77B32E+04 

2.3H1 92E+00 

3.31315E+04 


7.89164F+04 

4.95207E+U4 

2.36274E+00 

2.51037E+04 


5.931356*04 

5.125836+04 

3*0l2?0t+00 

1 .89509E+04 


5.70B98E*04 

5.299596.+04 

4.BS6?6E+00 

1 .42570E+04 


6.9?355E+04 

5.473356+04 

B.39977E+00 

1.069UE + 04 


8.9fl027F*04 

5. 647101: +04 

1 .534856+01 

7.992BBE+0J 


1.2?655F*05 

5.820866 *04 

2.6b«3lE+0l 

5.95869E+03 


1 .589966*05 

5.99462E+04 

4.31411E+01 

4.43034E +03 


1.91130F*05 

6.16B37E+04 

b. 0 1 1 B4E+01 

3.2B571E+03 


1 »6*675F.*05 

6.34213E+04 

5.465«;5E+0l 

2.431016*03 


1.32868E*05 

6.515B9E+U4 

6.00225E+01 

1 .794596+03 


1.077lbF*05 

6.6H964E+04 

b. lb4*2E+0l 

1.321966+03 


6.8?741F*04 


j total 

= 9. b 35946. + 09 

. 


CK MEAN UPACilY = 3 

•39294t-0 1 

MFAN-SuUARf.li PLAKLI\ Mf AN 

OH AC 11 Y 

= ?. 579866 

land M6 AN-f- R6 6 -hath 

= 4 . 8694 66. + 00 

1/ROSSFiANC MEAN— 6 RFE-RaTh 

= 2.05362E- 

-SUUARfcl) ROSS( lann 

Mf AN-I- Rt L-RATh s r. 

8 05/36 + 01 

1 PRIME 

= 3.368/36' 



fOlAL OPACITIES ANO VOLUME EMISSION 


54 


i T8MP8HA1UK8 = 6.50(H) Of- + 0 3 C/H MASS PAUO = 5.00000b-0? PRESSURE a 1.000008+03 

Ul 

00 


OMtOA 

fOlAl. MU 

b ( w , T > 

J 

7.81^068+03 

5.904*98-01 

1 .225688 + 06 

7 • 23665F+05 

9.556638+03 

1 .269 168 + 00 

1 .425358+06 

1 .80929F + 06 

1 • 1 29428+04 

1 .9 73658*00 

1 .53436b +06 

3.028298*06 

1 • 3 0 3 1 8f. + 0 4 

1 .924968*00 

1 .55994F + 06 

3.002838+06 

1 .47693r+04 

1.191068+00 

1.51 7 lob +06 

1 .806968+06 

1 .65069E + 04 

5.692288-01 

1 .423 79b +06 

8.1 0459F + 05 

1 .824458+04 

3.929788-01 

1 .29 7588 + 06 

5.099218+05 

1 .998218+04 

5. 034 1 3F-0 1 

1 . 1 53848 + 06 

5.80856F+05 

2 i 1 71 96b. ♦ 04 

8.337558-01 

1.004 768 + 06 

5.362988+05 

2 • 345728 + 04 

8.455258-01 

8. 59328b +05 

7.26584F+05 

2.519488+04 

3 • 524768-0 1 

7 .23521 8 ♦ 0b 

2.55024F+05 

2.69323b" + 04 

2.32960E-0 1 

6.00869b +05 

1 .399788*05 

2.H6b998+(>4 

1 . 726948-01 

4.92995E+05 

8.51 374F+U4 

3. 04075C+ 04 

l . /4 i 06E- 0 1 

4.001 528+U5 

6.96691F+04 

3.21 450E+04 

3.67573F.-01 

3.216808+05 

1 » 1 8241 F + 05 

3 . 38826b *04 

1 .333358-01 

2 .5636H8 + 05 

3.41830F+04 

3 • 562028 *04 

1 .500348-0 1 

2.02 726t + U5 

3.041598+04 

3.735788+04 

1.865868-01 

1.591758+05 

2 . 969988*04 

3.909538+04 

2.9061 7E-01 

1 .241 758 +05 

3.60874F+04 

4.08329E+04 

7. 08673E-01 

9.630 Ub +04 

6.824608*04 

4 . 257 058+04 

2.38833E+00 

7.428038+04 

1.77406E*05 

4 • 43080b* 04 

4.458428+00 

5.700978+04 

2.541738+05 

4.b()456t*04 

6 • 37 u 368* 0 0 

4.35534E+04 

2.774518+05 

4. 77832b ♦ 04 

5.964368+00 

3.313158+04 

1.976088+05 

4.95207t*04 

4.475?9t+00 

2.51 U378+04 

1 .123468 + 05 

5.1 2583b* 04 

4 .200468*00 

1.895098+04 

7.971648+04 

5 . 29959b* 04 

5.992398+00 

1.425708+04 

8.54332F+04 

5.47335b +04 

3 .004 198 + 01 

1.0691 18+04 

1 .073598 + 05 

5 • b4 7 1 Ob + 04 

1 . 796308 + 01 

7.9928H8+UJ 

1 .435768+05 

5.b2086t*()4 

3. 075(108 + 01 

5.95Bb98+03 

1 .H3230F+05 

5 • 99462b- + 04 

4.906788+01 

4.430348+03 

2. 17387F + 05 

b. 1683 7 1 ♦ 0 4 

5.852218+01 

3.285718+03 

1 .9?287E+0b 

6. 34213b* 04 

6. 693448+01 

2. 43J 018 + 03 

1.627188+05 

b. 51 5898+04 

7.826338+01 

1.79459E+U3 

1 .40451F + 05 

6.689648+04 

6.983658+01 

1 .3219.6E + 03 

9.2321 08+04 


J lOTAL = 2*923518+10 


PLANCK Mt AN 0RAC1IY = ) . 0 0H4 8b- ♦ 0 () MF AN-SoUAREf. -1 E LANDS Mi- AM OPACITY = 5.043768+00 

POSbfcLwNU Mb AN-E REF-H A TH = 2.367158+00 1/R0SS8LANU Mt AN-E RLE-PAl H = 4.P2449E-01 

Mb AN— SUUARtl) ROSSFL AM) ME AN-FR88-PATH = 9,i7;U7t+U<) I PRIME = 1.330888+01 



6S-' 


I U I <tl_ UP AC 1 T IKS AMU VULlJMfc fc Hi SSI UN 


55 


d 


'EPATUHL = 8.90000E+03 

C/H MASS HAIJU = 

5.00000C-03 

PRESSURE = 1.000006+02 

(jMfc.UA 

10TAL Ml) 

8 ( w . T ) 

J 

7.8] 9066+03 

3.816736-02 

1 ,848096*0b 

7 . U5368F * 04 

9. 556636 +03 

4. 7? 9356-02 

2.2/0816*06 

1 . 0 7394F ♦ 05 

1 . 129426+04 

5.027656-02 

2.590426 *06 

i .30237F+05 

] .JuJlHE+UA 

4.9J752E-02 

2. /9«006*0b 

1.381526+05 

l .*♦ rfayjh + 04 

4 . t>8«68f.-02 

2.89 / 3 7 6 ♦ 0 6 

l . 358456+05 

1.650696+04 

4 . 3 to 5 1 5E-02 

2.900596*06 

1.266156+05 

1 .824456+04 

4 . 029^56-02 

2.824246*06 

1.138016+05 

i .99B2n>04 

3.68/316-02 

2.6804 76 +06 

9.905856+04 

2. 1 71966+04 

3.414366-02 

2.50506L+U6 

8.55319E+04 

2.34b 726+04 

3.19 34 86 -0 2 

2.290086+06 

7.332506+04 

2.51 9486+04 

2.923 0 8b-02 

2.07 31 76 + Ub 

b. 060046+04 

2.693236+04 

2.704396-0 2 

1.84 /.326 + Ob 

4.995886+04 

2.8b699£+04 

2 .64bqo6-02 

1 .626896 ♦ 0 b 

4. 304606+04 

3» 04 075F" + 04 

2.463536-02 

1 .41 7856*06 

3.492906+04 

3.21 45()£+u4 

2.332906-02 

1.2241 16+Ob 

2.855726+04 

3.3B8266+04 

2. 196996-02 

1.04 /936 + Ob 

2.302296+04 

3.562026+04 

2. 1 26016-02 

8.902436*05 

1.892666+04 

3. 735786+04 

2. 1 0 16 1 E-02 

7.51 022L+U5 

1.578366+04 

3.9o9536*04 

2. 132H3E-02 

6.295466+05 

1.342716+04 

4 . 0K329K *04 

2.26 1426-02 

5.240426+05 

1.186436+04 

4.257056+04 

2.439456-02 

4.348766+05 

1.060866+04 

4.430806+04 

2. H J5| 9E-02 

3.5HOH76+U5 

1.016956+04 

4.604566+04 

3.5H934E-02 

2.944946+05 

1.05 7046 + 04 

4. 778326+04 

4. /09i 16-02 

2.4o 7 636+ 05 

1 . 1 33786+04 

4.9520 7E+ 04 

6 • 3B585E- 02 

1 .960606+ 05 

1.252016+04 

5. 12583E+04 

9,b66796-02 

1.590706+05 

1.536106+04 

5.299596+04 

1.4^2926-01 

1.280156+05 

1 .855826+04 

5.473356+04 

2.209) 16-01 

1 .030576+05 

2.289906+04 

5.64 H 06 + 04 

3.564126-01 

8.329036+04 

2.968576+04 

5 .620866*04 

5.515086-01 

6 .6 7 3566 + 04 

3.680526+04 

5 .99462E* 04 

/.9//91E-01 

5.332866+04 

4.254516+04 

b. 1683 7E+04 

8.21 *+456-01 

4,250 786 + 04 

3.491 786+04 

6 .34 2 1 36 + 04 

7.929506-01 

3.38021 F +04 

2*680346+04 

b,5l 5896 ♦ 04 

/. 636666-01 

2.681896+04 

2.048076+04 

b.OH9b4h+04 

5.876816-01 

2. 123306+04 

1 .24 7826+04 


J IntAL = 2*94 753E+09 


PLAKCK MEAN UP AC I I Y = 4.252176-02 MF AN-SLAKED PLANCin mF AN OPACIIt 

P05S6LANU Mi AN-HIF F -PA TH = J. 1 09966+01 1 / POSSEl. ANI > MtAN-F'PEE-PATH 

Mt AK-SUUAHLU PUSSFLAnU MFAN-FHFF.-PATH = 1 , 080 I5t + 03 1 PRIME 


5.09679E-03 
3.215476-0? 
1 .220O9E+03 



D-60 


TOTAL OP At 1 T 1 1. S A NO VOLUME EMISSION 


56 


TEMPERATURE = 8.00000E + 03 t/H MASS 

PATIO = l.OOOOOL-02 

PRESSURE = 


1 .OOOOOE»02 


OMEGA 

TOTAL mu 

B < W ♦ T > 



J 

7 

H1906E+03 

3.82 732E-02 

1 .84H09E*06 


7 

•07324E*04 

9 

55663E*03 

4.74 127E-02 

2. 2 708 IE ♦ 0b 


1 

. 07665E*05 

l 

1 2942E*()4 

5. 04079E-02 

2.590428*06 


1 

.3o57RE*05 

l 

3o318E*04 

4.950^66-02 

2 . 798Q0E ♦ 0b 


1 

.3851 7E*05 

1 

47693E+04 

4.70079E-02 

2.89 7 37F*0b 


1 

. 36199E*05 

l 

65069E + 04 

4.37 7208-02 

2.90059E*06 


1 

• 269658*05 

l 

H2445L ♦ 04 

4.04228E-02 

2.82424E+06 


1 

. 14l64E*Q5 

l 

99B21E+04 

3. 70220E-0 2 

2.68b47E+0b 


9 

.94586E+04 

2 

1 7 1968*04 

3.42V37E-02 

2.50b06E*06 


8 

• 5908 1 E ♦ 04 

2 

34572E* 04 

3.25030E-02 

2.29b08E*0b 


7 

•462968*04 

2 

bl948E*04 

2.93679E-02 

2.0731 7E*0b 


6 

. ORB47E*04 

2 

b9323E*04 

2.71390E-02 

1.84/ 32E + Ob 


5 

.01346E*04 

2 

866998*04 

2.65473E-02 

1.62689F+06 


4 

.31895E+04 

3 

04075E*04 

2.47546E-02 

1.41 7058*06 


3 

•50982E ♦ 04 

3 

21 450E+04 

2.36184E-02 

1 .224 1 1F*06 


2 

• 89 1 1 4E *04 

3 

38826E*04 

2.20314E-02 

l.U4793E*0b 


2 

.30873E*04 

3 

56202E*04 

2.13177E-02 

8.90243E+05 


1 

.89779E*04 

3 

73b7BE*04 

2.10 706E-02 

7 .51 022E *05 


1 

.58245E+04 

3 

V0953E+04 

2.13798E-02 

6.29b46E*0b 


1 

.34595F*04 

4 

083298*04 

2.26627E-02 

5,24642E*05 


1 

. 18898E*04 

4 

257058*04 

2 . 449fc8£-02 

4. 3487bE+0b 


1 

. 065318*04 

4 

43080E*04 

2.83959E-02 

3. 5868 76 ♦Ob 


1 

• 01 852E* 04 

4 

604568*04 

3.59J03E-02 

2.94494E+05 


1 

• 0581 3E*04 

4 

778328*04 

4.711 70E-02 

2.40763E+05 


1 

.134408*04 

4 

952078*04 

6.38658E-02 

1.960608*05 


1 

.2521 5E*04 

5 

125838*04 

9.65440E-02 

1.59()70F*0b 


1 

.53572E*04 

5 

29959E* 04 

1 .442?8E-0l 

1.28615E*0b 


1 

• 85499E* 04 

5 

473358*04 

2.207R4E-01 

1.036578*05 


2 

. 28858E* 04 

5 

647 1 0E+04 

3.bbl75£~0l 

8.329038*04 


2 

.966598*04 

5 

820868*04 

5.51112E-01 

6 »6735bE * 04 


3 

.67788E*04 

5 

99462E+04 

7.97194E-01 

5.332868*04 


4 

•?5133E*04 

6 

168378*04 

8. 2084 Ot-0 1 

4.250788*04 


3 

.48921E+04 

6 

3421 38* 04 

7.923R0E-01 

3.38021E+04 


? 

.678418*04 

6 

5 1 589E ♦, 04 

7.631 27E-0 1 

2»68)89£*04 


? 

. 046628*04 

6 

689648*04 

5.872R9E-01 

2.123308*04 


1 

• 24699E *04 



J lOTAL = 2- 9572 IE* 09 




PLANCK MEAN OPACITY = 4 

.266 L3t-02 

MEAM-SOUaHED PLANCK MEAN OPACITY 


5. 1 0202E-03 

KOSSELAN0 ME AN-FHtt-PATH 

= 3.09569E+01 

1/POSStLANU MEAN 

-EREE-PATH 

s 

3.23029E-0? 

MEAN- 

SQUARED rosselanu 

Mt AN-F Ktt-PATH s 

1.070128*03 

1 PRIME 

£ 

1.209508*03 
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ItMPfcHAlUKt = 8.000005+03 t./H MAbb 

PATIO = 5.000005-02 PPtbSUPE = 

1 .000005 + 02 

UME(iA 

IUTAL MIJ 

B ( u , T ) 

J 

7.81 POoF + 0 3 

J.929J 75-0* 

1 . 84 8 095*0 b 

7.26184F+04 

9 . 5566 3F ♦ 03 

4.854795-02 

2.2 70H1 t + 0o 

1 . I0243F + 05 

1 . 1 2942F *04 

b. 1 7 193E-02 

2.S90425+0O 

t . J3975F + 05 

1 .3o31h5+04 

5.0 7996E-02 

2.798005+06 

l .421375+05 

1 .A7693E+04 

4.81 /3IE-02 

2. BP 7 3 7 5 ♦ 0 b 

l. 39676F + 05 

1 .660695+04 

4.497955-02 

2.900595+0b 

l .30467E+05 

1.824455+04 

4. 200875-02 

2.«24245+Ub 

T . 1 8643F. + 05 

1 .998 215+04 

3.92b(S4t-02 

2.68647F + Ob 

• \ . 054b 1 F ♦ 05 

2. 1719<Sh + u4 

3.b7225fc~02 

2.5o5Qbt*0b 

P. 19923E+04 

2 « 34 5725 + 04 

i. 74 750F.-02 

2.2PbQHfc +0b 

8. 60456*"+ 04 

2*5 1 9485+04 

3. 052?0fc-02 

2.0731 7t+0b 

6.32773F+04 

2*693235+04 

2. 79 Jp 1E-Q2 

1 .84/325 + Ob 

5. 15996E+04 

2.866995+04 

?. 7iO?lE-02 

1 .b2bH9F+0b 

a . 4 4 1 76F * 04 

3» 1)4 0 755 + 04 

2.57h34E-02 

1 .41 /85K + 0b 

1.65001F + 04 

3 • 2 1 4505 + 04 

2. 59bn3E-02 

1.2241 lE+Ob 

1.176605+04 

3* 388265+04 

2*25 7r)6t-02 

1 .04793E+0b 

2. 36523F.+ 04 

3.56202E+04 

2. IH346E-02 

8.90243E+05 

1 .943R1F+04 

3. 735 785+04 

? ♦ 1 5693E-02 

7.51 022E+05 

U6l 990F + 04 

3 • 9f)9b35 ♦ 04 

2.186055-02 

6.295465+05 

l .37622E + 04 

4.0R329K+04 

2.31 J06E-02 

5,246425+05 

1.21 353F+04 

4.257o5t+04 

2 .b 7 2()6E-02 

4.348765+05 

l * 1 6201 E + 04 

4.430805. + 04 

2.8H4S3E-02 

3. 586875+05 

l .03465E + 04 

4.bo45bK + l)4 

3.63204E-02 

2.944P4E+05 

1 .06961E + 04 

4. 77B32E+04 

4. 7452HE.-02 

2.40 7 63E + 05 

t .14249E + 04 

4.952075+04 

b.H0bb0h-02 

1 ,9b0b0E+05 

l .25608E + 04 

b. 1 2583b ♦ 04 

9.652075-02 

1 .590705+05 

1 .53548E + 04 

S. 299595+04 

1 .4j9f,7E-0l 

1 .2861 5E +05 

1 . 85 1 64E + 04 

5.473355+04 

2.20 1 65t~0 1 

1.03657t+05 

2.282075+04 

5.b47 1 OK + 04 

3.54872E-01 

8. 329035+04 

2 . 9S574F + 04 

5.820865+04 

5.488235-01 

6.67356E+04 

3.662605+04 

5.994625+04 

7 * 936325-0 l 

5.332865+04 

4.232335+04 

6. 168375+04 

H. 1 7 456E-0 i 

4.250785+04 

3.47483E+04 

b • 342 1 JE + 04 

7.89439E-0I 

3.380215+04 

2ib6847F+04 

b. 5 1 5895* 04 

7 . by 4H3E~ 0 1 

2 • 68 1 895+04 

2» 03963E + 04 

6.689645+04 

5 • Bbb 7 0F”0 1 

2.123305+04 

1 .24355F+04 


J lOTAL = 3. 058155+09 


PLAMCa ME AM OPACITY = 4 

•411 75E-0? 

MFAN-biJUANEL) PLAMCiV Mf- AM UPACTIY 

= 5.18559E-03 

HOSSELANIJ MFAN-f- KEF-PATH 

= 2 • 965425 + 01 

1 /POSSE LAN!) Mt am-free -path 

= 3.37??0t-0? 

MhAk-bUUAPtl) HOSbhLANU 

MtAN-HHht-PATH = 

9.H3P995+02 1 PPIMfc, 

= 1.11 73OE+03 



r 01 AL OH AC illtS AND VUl.lJMF tMSbiUN 
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iFMHtKATUHK = H , 0 0 0 0 0 E + 1! 3 

C/h MAbb 

PATH) = b.00000t-03 

PPEbSUKE = 

5.000006+02 


omeua 

r 0 1 A L MU 

8 { w . T > 


J 

t . 

HI 90bf +03 

3 • 8b 7956-01 

1 .84809E+06 


7. 14833F. + 05 

9. 

556636+03 

4.680616-01 

2.27081E+O6 


1 . 062B7F * 06 

1 . 

l?942fc +04 

4.94 3936-0 1 

2.59042E +0b 


) .28069E+06 

1 . 

3()3lHE + 04 

4.83/67E-01 

2.79800P + 06 


1 .35358E + 06 

1. 

47693E +04 

4.570086-01 

2.89/37E+06 


1.324126+06 

1 . 

650696+04 

4.253956-01 

2.900596*06 


1 .233906*06 

. 1 . 

82445E+04 

3.92722E-01 

2.B2424E+06 


1 • l 091 4F*Q6 

' l. 

9982 1 E +04 

3.59 7366-0 1 

2.6Hb47E+06 


9.664206*05 

2. 

171966+04 

3.335?9E-0i 

2.5ob06E+06 


8.355116*05 

2 • 

345726+04 

3.180796-01 

2.29608E+06 


7.303366*05 

2. 

b] 948E. + 04 

2.873756-01 

2.0731 7E+06 


5.957796*05 

2. 

693236+04 

2.669196-01 

1 .84 732E + 06 


4.930866*05 

2. 

8b699E+04 

2.b5b49E-0i 

1 ,62b89E+0b 


4.159126+05 

3. 

04075E+04 

2.40679E-0I 

1.41 785E+06 


3.M?46E*05 

3. 

21450E+04 

2 .333756-0 1 

1 .22M 1 6 *0b 


2.856766+05 

3. 

38826E+04 

2.22931E-01 

1 .04 793E+U6 


2.33616E+05 

3. 

S6202E+04 

2.25204E-01 

8.906436+05 


2.004876+05 

3. 

73578E+04 

2.34792E-01 

7.51022E+05 


1 .763346 + 05 

3. 

90953E+04 

2.53487E-01 

6.29546E+05 


1.595696*05 

4. 

0R329E+U4 

2.90124E-01 

5.24642E+05 


1.5221 1E+05 

4. 

25705E+04 

3*361 44E-0 1 

4.348766+05 


1.461816+05 

4 • 

430806+04 

4.243Q2E-01 

3.58687E+05 


1.5??24F+05 

4. 

60456E + 04 

5.82746E-01 

2.94494E+05 


1.716156+05 

4. 

77B32E+04 

8.117716-01 

2.40 7 6 3E +05 


1.95444E+05 

4. 

95207E+04 

1.15095E+0C 

1.960606*05 


2.256546+05 

5. 

12583E+04 

1 .80/47E+00 

1.59070E+05 


2.875136+05 

5. 

29959F.+ 04 

2.76232E+00 

1.28615E*05 


3.552766+05 

5. 

47335E+04 

4.291 6 1E+ 00 

1. 03657E+05 


4.448556+05 

b» 

6471 oE + 04 

6.99Q0OE+0O 

8.329036+04 


5.821996+05 

5. 

82086F+04 

1.0H728E+01 

6.67356E+04 


7.256066+05 

5. 

99462E+04 

1 .57 7 39E+ 0 1 

5. 332866+04 


8.41203E+05 

b » 

168376+04 

1 .624916+01 

4.250786*04 


6.907166+05 

6. 

342136+04 

1 . 5688 1E+ 0 1 

3.380216*04 


5.302896*05 

b « 

5l 589E+04 

l.bl 112E+01 

2.681896*04 


4.052666*05 

b • 

689b4E+04 

1*161576+01 

2. 12330E *04 


2.46636E+05 



j total = 3 . 41710 L +10 



PLANCK 

MEAN OPACITY = 4»9?959E~01 

MEAN-bUUAPEO PLANCK ME AM OPACITY 

= 1. 580936+00 

P0S5E LaND MKAN-Fkhk-PAlH = 

2 . 992 1 BE ♦ 00 

l/ROSSELANU MEAN 

-fhee-path 

= 3.34204E-01 

MEAN-SQUARED HOSSFLAND Mf Ah-FHEE-PATH = 

1 .003046+01 

1 PRIME 

= 1.05R35E+01 
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1 E Mt- 1. HAT UHL = H.OOOl/OE *01 

L/H MAbb 

RATIO = 1 • 0 0 0 0 0 E - () 2 

PRESSURE = 

5,00000^+02 

OMMiA 

10TAI MU 

H ( h . T ) 


J 

7 . b 1 9061 *03 

3 . 88 J4?5 -0 1 

•1 .84 80 9b +0b 


7.176915+05 

9.556635+03 

4. 1 1) 076E-0 1 

2 . 2 7 (i 8 1 E + 0 b 


1 .06745F+06 

1 . 129425+04 

4 ,9bHH9b -01 

2.59G42E +0b 


1 .287155 + 06 

] . J031 Hb +04 

4 .862a55-01 

2.79800b +0b 


1.360515+06 

1 .47693E +04 

4 . 590575-0 1 

2.89 73 7b *06 


1 . 33006E + 06 

1 .to5069fc+O4 

4.271 655-0 1 

2.900595*06 


1 .23903F+06 

1 .8?445b +04 

J.94600E-01 

2.82424b +06 


1.1 1444F+06 

1.998215+04 

3.621355-01 

2.68647b +06 


9.72866F+05 

2. 171965+04 

3. J6O265-01 

2.5o5o6b 4 Ob 


8.417675+ 05 

?.34572t +04 

3.297 f,HE -0 1 

2.29bUHfc+0b 


7.571755+05 

2.51 948b +04 

2 .695645-0 1 

2.073175+06 


6.00317F+05 

2 »b93?3b +04 

2 . 682555.-0 1 

1 .84 7325*06 


4.955645+05 

2»86b99E' *04 

?.56Hylfc.-ol 

1.626895+06 


4. 1 79345 + 05 

3« 04075E ♦ 1)4 

2.4264,75-01 

1.41 7855*06 


3.440365+05 

3»2l450b +04 

2.391405-01 

1.2241 H.+06 


2.9?734F+05 

3 • 3H8?b5 +04 

2.236R15-01 

1 .04 793b *06 


2.344015+05 

3.56202b +04 

2.259035-01 

8.90243b +05 


2.01 1085+05 

3.735785*04 

2 • 354695—0 1 

7.51 0225+05 


1 .76842F+05 

3.9()953F + 04 

2.541795-01 

6.295465*05 


1.60017E+05 

4.0H329E +04 

2.9)0975-01 

5.24642b +05 


1 .52722F+05 

4. 25 7 05E. + 04 

3.392615-01 

4.348765+05 


1 .47536F+05 

4.430805+04 

4.272995-01 

3.586875+05 


1.53267E+05 

4.6o45bL+U4 

5.863^55-01 

2. 944945*05 


1.72678F+05 

4. 778325+04 

H. l4faB0b-0l 

2.40 7b35 + 05 


1.96193F+05 

4.952075+04 

1 .152715+00 

1 .9b06o5 + 05 


2.26000F+05 

5.125835+04 

1.807965+00 

1 .59070b +05 


2.87592E+05 

5.29959E+04 

2.762015+00 

1 .286155+05 


3.55237F+05 

5.47335b +04 

4.290615+00 

1 .036575 +05 


4.44752F+05 

5.64710b +04 

6 . 9fa 7835*00. 

8.32903b +04 


5.82019F+05 

5 • 820866 +04 

1 .U8b905+0i 

6.673565+04 


7.25348F+05 

5.99462E +04 

1 .576805+01 

5.332865+04 


8.40884E+05 

b.lbfa37E+04 

1 .624485+01 

4.250785+04 


6.90530E+05 

6.3421 3E+04 

l .56868E+01 

3.380215 +04 


5'» 30248F + 05 

6 . b 1 589F. + ()4 

1.51 1325+01 

2.681895+04 


4.0531 8E+05 

6 .689645 + 04 

l . 16 ?o65 + 0 1 

2.123305+04 


2.46740E+05 


J i 01 At. = 3.434H6E+10 



PL Ab CH Mt AN OPACJIV = 4»9 l i 

>5205-01 

ME AN-bUIIAHEL) PLANCN Mb AN UPAClTY 

= 1.58228E+00 

ROSSELANO ME AN-F RLE -pa T ri = 

2.96 ?4 8b + U 0 

1/ROSS5.LANI) MEAN 

-F R55-PATH 

= 3 • 36986E-0 l 

ME AM-bUUARtl) ROSSE' LAM) ME AN-b RLE -PA1 H = 

9 . 862 l, 95 + 00 

I PRIME 

- 1.041 455+01 



D- 64 


TOTAL OPAL i T II- S AMU VULIJMf tMSSlON 60 


IfcMM- NATUHfc. = B.OOOOUE +03 

C/H MASS PA T 10 = 

b.OOOOOE “1)2 

PPtSSUPE = 5.00000E+02 

OMfc OA 

iotal MU 

b i * » T ) 

J 

7.8) 90bE *03 

4.090‘-9h-0i 

1 .P.4H09E +Ob 

7.55978E+05 

9.5566JE +03 

b. 0 1 206 K -01 

2.270H1E+06 

1.13814E+06 

1 .l?942E+l>4 

5.39990E-01 

2.59042E +06 

1 .39880E+06 

1 » JoJlHE + 04 

5.2h924Er0i 

2 . 7980 Ot + U6 

1 .47993E+06 

1 .47693E *04 

4.9041 lt-Ul 

2 . 89 7 3 7t + 06 

1 .42090E+06 

1 .65069E+O4 

4.buH49E~0l 

2.90059E+06 

1.30773E+06 

1 .8?44SE +04 

4.23049L-01 

2.824?4t+0b 

1.19479F+06 

1 .99821E+04 

4 • 04963E.-0 1 

2.6864 7E. + U6 

1 .0R792F+06 

2.17 196E + 04 

3.8399 1 E -0 1 

2,bobo6E+ Ob 

9 . 6 1 9??F ♦ 05 

2. 34572E ♦ 04 

4.309e,7E-01 

2.2960HE+06 

9.8951 2F+05 

2. 5 1 9486 ♦ 04 

3.UH381E-01 

2.07317E+06 

6.39328F+05 

2 • 69 J23F ♦ 04 

2. 79530E-0 1 

1.847 3?E + 06 

5.1 6382F + 05 

2.8b699E+04 

2.6/541E-01 

1 .626H9E+06 

4.35260F+05 

3. 04075E+04 

2»b8bi 5E-0 l 

1.41 78SE+06 

3.66534F+05 

3 • 2 1 450E + 04 

2.84191E-01 

1 .2241 1E+06 

3.47881F+05 

3.38H26E+04 

2 • 30b2 1 E -0 1 

1.04 793fc + 06 

2.41 569F+05 

3 • 56202E + 04 

2.32714E-01 

8.9o243E+Ob 

2.071 72F+05 

3. 73578E+04 

2.42493E-0 1 

7.51022E+05 

1.82118F+05 

3.90953E*04 

2.bl9H4E-01 

6.29546E + Ob 

1 .6 4931F+05 

4.08329F+G4 

3.0 1 6?9t-0 1 

b.24642t+05 

1 .S8247F+05 

4 .2S705E + 04 

3.97935E-01 

4.3487bE+0b 

1 .73053F+05 

4.43080E+04 

4.54bp0E-01 

3.5B6H7E+05 

1 .63052F+05 

4 • t>0456E * 04 

6. 19988E.-01 

2.94494E+0b 

1 .82583F+05 

4.77832b +04 

B.4()874t-01 

2.40 763E + 05 

2.03896F+05 

4.95207E+04 

1 . 1 7664E+00 

l ,9b060E + 05 

2.30692E+05 

5. 12S83E+04 

1 .82562E+00 

1.5907 OE +05 

2.90400E+05 

5.29959E+U4 

2.77991E+00 

1 .2861 5E+05 

3. S7539F+ 05 

5. 47335E ♦ 04 

4.3) J45E+00 

1 . 03657E+U5 

4.471 19F+05 

5.64 71 (>£♦ (j4 

7.0J671E+00 

8.32903E+04 

5. 84424F + 05 

5.82086E+04 

1 .0V046E+01 

6.67356E+04 

7.27724F+05 

5.99462E + 04 

1 .580QBE+01 

5.3328bE+04 

8.4311 7F +05 

6. 16837E +04 

1 .6324 1E+01 

4.250 78E + 04 

6.93902F+05 

6 . 342 1 3E + 04 

) .b«0P4t+0i 

3. 380? 1 E + 04 

5.34390F+05 

6.51589E+04 

1 .52692E+ 01 

2.68189E+ 04 

4.09503F+05 

6. 68964b +04 

1.179 07E+Q1 

2.12330E+04 

2.50352F+05 


J lOTAL = 3.b639HE+i0 


PLANCK Mt AN OP AC I 1 Y = 5 . ?8b 7 JE- (i l ME AN-bUUAPED PLANCK MF AN OPACITY 

posse land me an-fhe.f~path = 2 . /4oihe + 00 i/ro$seland me an-f ree-pa i h 

Mt AK-i.OUAHtn POSSFLANO MfAN-FPFt-PATH = 8.4R912E+00 I PhilML 


1 .62521E+00 
3.64913E-01 
9.0R149E+00 



D-65 


I 1 1 1 A l. OPAL lilts AI'JU VULtIMK KM 1 SSI UN 61 


1 (■ I'lPh.HA T URL = 8 • 0 0 U 0 0 h ♦ 0 

1 C/t( MAbb 

KA HO = 5.0 00006-0 3 

PPF55UPE = 

1 .000006+03 

0M6GA 

10 i AL. MU 

8 ( W . I) 


J 

7.H190H +03 

1 .OJ4A36 + UO 

1 . 84 bo 96. * Ob 


1 .91 246F+06 

9.556636+03 

1 .2231 76 + OU 

2.270816+06 


2 • 77 75RE + 06 

1 . 1 29426+04 

1 .281426+00 

2.59U426+06 


3.319416+06 

1 .3i)3)hH +04 

i .248636+00 

2.798u()6 +06 


3.493676 + 06 

1 .476936+04 

1 . 1 /5466 +0U 

2.89 / 3 / 6 ♦ 0 6 


3.405746+06 

1 .660691: +04 

1.092516+00 

2.900596 +06 


3. 1 689HF ♦ 06 

1 .824456+04 

] .00 /796. + 00 

2. 824246 +06 


2.H4624F+06 

1 .998216+04 

9.232006-01 

2.6864 7t +06 


2.4801 5F +06 

2. 171966+04 

H. 56 1866-01 

2.5o5(j6fc +06 


?. 1 44806 + 06 

2*345726+ 04 

8.261816-01 

2.296086 +06 


1 .896986 + 06 

2. b 194H6+U4 

/. 398676-01 

2.073176+06 


1 .S3387F + 06 

2 • 693236 *1)4 

6 . 88 J<» 76-0 1 

1 .84 / 326+ Ob 


1 » 27 1 60F ♦ 06 

2.866996+04 

6. 568^76-0 1 

1.626896+06 


1 • 06862F + 06 

3 • 040756 + 04 

6.221276-01 

1.4 1 785F +06 


8.8P080F+05 

3.21 4b0t+04 

6. 1 1 1136-01 

1.224] n +06 


7.4H069F. + 05 

3.388266+04 

5.865896-01 

1.04 /936 + 06 


6.147 03F + 05 

3.562026+04 

6.038796-01 

8,902436+05 


5 . 37599F ♦ 05 

3.735786+04 

6.43/876-0 1 

/. 510226 + 05 


4.83498E+05 

3.9Q953F+04 

7.124206-01 

6.295466+05 


4.485016+05 

4.083296 +04 

H. 402226-0 1 

5.246426+05 


4.40816F+05 

4 .25 /056. ♦ 04 

1 .002026+00 

4.348766 +05 


4.357556+05 

4.430806+04 

l .3028061 + 00 

3.586876+05 


4.672996+05 

4.604566+04 

1 .826956+00 

2.944946+05 


5. 380266+05 

4.77832E+04 

2.569896+00 

2.407636+05 


6.186626+05 

4.952076+04 

3 . 66?h8£+00 

1 .960606 + 05 


7.181436+05 

5.125836+04 

S.76595E+0G 

1 .590 706+05 


9.20369E+05 

5.299596+U4 

8.8 TV 336 +00 

1 .2661 56 +05 


1 . 14202E + 06 

5.473356+04 

1 . 383576+0 i 

1.036576+05 


1 .434176 + 06 

5.647106+04 

2.257836+01 

8.329036+04 


1 .88056F+06 

5.820866+04 

3.515756+01 

6.673566+04 


2 • 34626E ♦ 06 

5.994626+04 

5.103656+01 

5.332866+04 


2.72170E+06 

6.16837E+04 

5 • 258606+0 1 

4.250 786+04 


2.235326+06 

6.3421 36+04 

5.0 78/56+01 

3.38021E+04 


1.716726+06 

6.51 5896 +04 

4.894156+01 

2.6H1896+04 


1.312566+06 

6.689646 ♦ 04 

3. /O292E+01 

2.123306+U4 


7.98982F+05 


j i (IT AL. = 9.515256 + lu 



PLANCK Mb AN 0PAC1IY = |. 

3/2646 ♦()() 

MF.AN-5UUAW6U PLANCK MEAN UPACITY 

= 1 .60394E + ' 

ROSLiFLANU M6 aN-6 86 6 -PAT H 

= i • 1 J5466+0L 

1/POSSLLANU MEAN 

i-6 R66-PATH 

= 8 o 80 7 0 1 E— 1 

ME Af\-bUIJAREI» ROSbl LAMJ ME AN-FRfc t -P A 1 H : 

= 1 . a44 12L-+ 00 

I PRIME 

= 1.4937/E + i 
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Mll«U OH AC 1 [ 1 L S AMO VUUJMF EMISSION 62 


LMHt Ha 1 UHL = 8.000006+01 

C/H MASS MAI 10 = 

1 .000006-02 

HPESSiJME = 1.000006 + 03 

OMtuA 

[ U 1 A L Ml J 

ri ( iv, n 

J , 

/•B1906E+03 

1 .039986+00 

1 .848091- +06 

1 • 9? ) 98F + Ob 

9. 5566 36 +03 

1 .2311 16+00 

2. 270H16+06 

2.79560F.U6 

! . 12942K+D4 

1 . 292 1 HE + 00 

2.590426 +06 

3.34 729E + 06 

1 . 3<)JlHF + u4 

l .259366+UO 

2.798o0t+06 

1. 5?368E + 06 

) .478936+04 

1 .163566+00 

2.8973/6+06 

3 . 4?92 1 E ♦ Ob 

1 .650696+04 

1 . 0984 BE ♦ 0 0 

2.900596*06 

3.18625F+06 

1 .82445F +04 

1 .013666+00 

2.824246+06 

2 • 86281 E + 06 

1 .9962 1 t ♦ 04 

9.3<)8H0E-0i 

2.6804 76 + 06 

2.50078E.06 

2. 1 7196E+04 

H.64303E-01 

2.5o506t' + 06 

2.1651 3F+06 

2.34b 726 + 04 

H. 667826-01 

2. 29OQ8K+06 

1.9R791F+06 

2.5] 9466+04 

7.46 7 68E-0 1 

2.073176+06 

1 .5481 8E+06 

2.6932 16 + 04 

6.92375E-01 

1 .84 7326 + 06 

1 .279046+06 

2.866996+04 

6. 606986-01 

1 .62689b +06 

1 .07 + 72E + 06 

3 . 040 75E + 0 4 

6.283986-01 

1.41 7856+06 

8.90972F+05 

3.214506+04 

6.30475E-0 1 

1.2241 1F+06 

7.71 770F+05 

3. 3H826E+04 

5.88708E-01 

1.047936+06 

6.16923F+05 

3.56202F. + 04 

6.058616-01 

8.902436+05 

5 ■ 39364F + 05 

3. 735786+04 

6.4581 26-01 

7. 510226+05 

+.8S019E+05 

3.90953E+04 

7. 16126E-01 

6.293466+05 

4 * 50204F+ 05 

4.08329E+04 

H. 461096-01 

5.24o426+05 

+.439Q5E+05 

4.25705E+04 

1 .02178E+00 

4.348 766 + 05 

+ . 44347F + 05 

4.430806+04 

1.330956+00 

3.58OH76+0S 

4.77394E+05 

4. t>045bE + 04 

1 .66377E+00 

2.94+946+05 

5. 48868E+ 05 • 

4. 778326+04 

2.601666+00 

2.40 7636*05 

6.26 384E+ 05 

4 . 9520 76+04 

3.68H5E + 00 

1.960606+05 

7.21784E+05 

5. 12583E+ 04 

6. 793i 16+00 

1. 590706+05 

9.21507E+05 

5.29959E+04 

H. 881216+00 

1.280156+05 

1.14226E+06 

5.473356+04 

1.383546+01 

1.036576+05 

1.43414E+06 

5.647106+04 

2.26 /65E+ 0 1 

8.329036+04 

1.88032E+06 

5.B20H66+04 

3.61 5()96 + 01 

6.673566+04 

2. 34582E+ 06 

5.994626*04 

5.102616+01 

5.332866+04 

2. 72115E+06 

6.168376+04 

6. 259096+01 

4.250786+04 

2. 235536+06 

6.342) 3!-. ♦ 04 

5.082106+01 

3.380216+04 

l • 7 1 786E + 06 

6.5] 5H9E+04 

4.900686+01 

2.68 1896+04 

1 . 31 431E+06 

6 . 6H9646 *04 

3. 771126+01 

2.1 23 Jot +04 

8.00723F+05 


J 101AL = 9.583246+10 


PLANCK Mt AN OHACllY = 1-182506+00 MFAN-bUUAHED PLANCK MEAN OPACITY 
ROSS6LANU M(- AN-EHhh-HATH = 1. 122926+00 i /MUSSEL AN|) Mt AN-F R66-PA1 H 
MF.AN-SOUAHt.ll HOSSFLANU MEAN-FHt t-PATH s 1.4175J6+00 1 PRIME. 


1 .h0687t*0l 
H. 905326-01 
l. 46191 E +00 
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lUlAL OPAClTltS ANU VULUME EMISSION 
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TEMPERATURE = 8,000006*03 


C/H MASS RATIO « 5.000006-02 PRESSURE = 1. OOOOOE>03 


OMEGA 

total mu 

7.81V06E*03 

1.124676*00 

9.55b63E*03 

1.38l42E*00 

1 *12942E*04 

1 ,5l253E*00 

1 ,3o318E*04 

1 ,478t5E*00 

1 , 476936*04 

l ,3341 5E*00 

] • 650696*04 

1.19188E*00 

l.H2445E*04 

1 • 1 0 735E* 0 0 

1 .998216*04 

1.068ROE*00 

2,171 96E* 04 

1 ,02014E*00 

2 , 345726*04 

1.194696*00 

2 ,5 1 948E *04 

8.06662E-01 

2.69323E*04 

7 ,269 1 oE-0 1 

2.866996*04 

6.92277E-01 

3.04075E*04 

6.76901E-01 

3,21 450E*04 

7,7 44916-0 1 

3.38826E*04 

6.0851 IE-01 

3.562026*04 

6.26452E-01 

3.735786*04 

6.688806-01 

3.90953E+04 

7.461766-01 

4 • 08329E* 04 

9.04602E-01 

4.257056*04 

1.288S7E+00 

4.43080E*04 

1 ,563?2E*00 

4,6o45bE*04 

2, 16672E*00 

4, 778326*04 

2.88376E*00 

4#95207E*04 

3,88 197E* 00 

5* 1 2&83E* 04 

5.936186*00 

5.29959E*04 

9.02B91E+00 

5.473356*04 

1 ,40370E*01 

S.64710E*04 

2 ,2861 4E* 0 1 

5.820866*04 

3, 554756*01 

5 , 99462E ♦ 04 

5.15537E*01 

6.1b837E*04 

5,3381 0E*0l 

6,34213E*04 

5,193A8E*01 

6,51 5896*04 

5.04223E*0l 

6 .68964E *04 

3,91 762E*0l 


b (* . n 

J 

1 ,64809E*0b 

2.078496*06 

2,27081 E*06 

3.136936*06 

2.590426*06 

3.9)81 06*06 

2 , 79B00E* 06 

4.1 35866*06 

2.897376*06 

3.865516*06 

2,90059E*0b 

3.457166*06 

2.824246*06 

3. 1?742F*06 

2,6864 7E*0b 

2.87129F*06 

2.50506E*06 

2.55552E*06 

2.296QRt*06 

2.743096*06 

2,0731 7E*06 

1 .67235E*06 

1.84732E*06 

1.342846*06 

1 ,62689E*06 

1 .126266*06 

1 .41 785E *06 

9,59741F*05 

1 ,2241 1E + 06 

9.4R060F *05 

1 ,04793E*0b 

6.376756*05 

8.902436*05 

5.57694E*05 

7.510226*05 

5,02344E*.05 

6.29546E *05 

4.697526*05 

5.246426*05 

4.745936*05 

4.34876E*05 

5.603666*05 

3.58687E*05 

5.60708E+05 

2.94494E ♦ 05 

6.3R0846*05 

2.40763E*05 

6.943036*05 

1 ,96060E*05 

7.61098E*05 

1.59070E*05 

9 . 44266E* 05 

1 .286156*05 

1.161256*06 

1 .03657E* 05 

1 .455036*06 

8.32903E*04 

1.904146*06 

6.67356E*04 

2.372296*06 

5.33286E*04 

2.749296*06 

4.25078E*04 

2.2691 1 E ♦ 06 

3.38021E*04 

1 .755516*06 

2.681896*04 

1.352276*06 

2.12330E*04 

8.318286*05 


J (OTAL * 1.052806*11 


PLANCA MEAN OPACIIY * 1.818796*00 MEAN-SuUaRED PL ANCN MEAN OPACITY 
HOSSELANU MEAN-F REE-PATH = 1.010246*00 1/ROSSELAND M6AN-F R66-PA7H 
MEAN-SUUAREO ROSSFLAND Mp AN-FRE E-PA T H = 1,169716*00 I PRIME 


1 o 689 1SE* o i 
9.R9861E-01 
1 • ??9b3E*00 
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TOTAL OPAClTltS ANO VOLUME EMISSION 
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TEMPERATURE ® l.UOOO0E*O4 C/H MASS RATIO * b*0000l)t-03 PRESSURE = 1#OOOOOE*02 


20 
19 
18 
17 
16 
15 
1 A 
13 
12 
11 
10 
9 


OMEGA 

TOTAL MU 

B<w*T> 


J 

7*Bl906E 4 03 

1 .68778E-01 

2.7J687E 4 0b 


4.61924E*05 

9.55663E 4 03 

1.88647E-01 

3.51 75BE 4 0b 


6. 63580E 4 05 

1 . i2942E 4 04 

1.88002E-01 

4.20 7 0 IE 4 06 


7.9o926E*05 

1 ♦3oil0E*O4 

1.81299E-01 

4.77425E 4 0b 


8.6S569F *05 

1.47693E 4 04 

1 .76609E-OI 

5.20408E*0b 


9* 19398E 4 05 

1 *65069E 4 04 

1.62U8E-01 

5.49347E 4 06 


8.9o7S3E»05 

1 .82445E+04 

1.48584E-01 

5,64B44E 4 06 


8* 39266E ♦ 05 

1.99B21E+04 

1.352fe7E-0l 

5.68123E 4 06 


7 » 684B5E 4 05 

2*1 7196E ♦ 04 

1.24704E-01 

5,60789E*0b 


6* 99329E ♦ 05 

2.34572E*04 

1.14940E-01 

5.44634E+06 


6,26004E*05 

2.5l948E 4 04 

1 . 06272E-0 1 

5.21487E+06 


5*54 193F ♦ 05 

2.69323E*04 

9.81056E-02 

4«93lQ4E 4 06 


4. 03763F ♦ 05 

2.86699E+04 

1*11 755E-0 i 

4*61 Q95E*06 


5. 15299F 4 05 

3.04075E+04 

1.O3840E-O1 

4*26879E 4 06 


4.43305E 4 05 

3.21450E+04 

9.72742E-02 

3.91660E-»06 


3* 0O984E ♦ 05 

3.38826E*04 

9.02638E-02 

3.56430E 4 06 


3.2l727E*05 

3.56202E 4 Q4 

8.35849E-02 

3.21973E*06 


2.69121E+05 

3.73578E*04 

7.81522E-02 

2.88886E 4 06 


2 *2577 IE 4 05 

3.90953E+04 

7.46169E-02 

2.57595E 4 06 


1.92210E 4 05 

4.08329E»04 

7.23510E-02 

2.28388E 4 06 


1.65241E 4 05 

4.25705E*04 

7.13736E-02 

2.01430E*06 


l *43768E 4 05 

4.43080E»04 

7.26505E-02 

1*76792E*06 


1 »28440E 4 05 

4*6o456E 4 04 

7.75829E-02 

1.54469E+06 


1 * 19042E 4 O5 

4.77832E*04 

8.63513E-02 

1*34401E*06 


I * I6057E 4 05 

4.95207E*04 

9.78371E-02 

1 * 16484E 4 06 


1*1 3964E 4 05 

5. 12583E+04 

1.20763E-01 

1.00588E*06 


1 *2l473E 4 05 

5.29959E+04 

1.51674E-01 

8.65656E*05 


1 »3l.298E 4 Q5 

5.47335E*04 

1.98176E-01 

7.42b04E*05 


1*47166E 4 05 

5*647 1 OE* 04 

2.75683E-01 

6,35134E*05 


1 • 75096E 4 05 

5.82086E*04 

3.75447E-01 

5.41686E 4 05 


2* 03375E 4 05 

5.99462E*04 

4.85288E-01 

4.60760E 4 05 


2.23602E*05 

6*1 6837E 4 04 

4.57371E-01 

3.90942E*05 


1.78806E 4 05 

6.34213E*04 

4.04088E-01 

3.309 1 7E 4 05 


1 .33720E+05 

6»5l589E 4 04 

3.58985E-01 

2.7948QE*05 


1 *00329E 4 05 

6.68964E*04 

2.62420E-01 

2»35536E 4 05 


6*18093E 4 04 


j total 

a 2 .28935E 4 10 



PLANCK MEAN OPACITY = 1 

•32930E-0T 

MEAN-SOUARED PLANCK MEAN 

OPACITY 

a 2.09951E- 

ROSSELANU MEAN-EREE-PATH 

= 9* 1 3193E* 00 

1/ROSSELANO MEAN-FHEE-PATH 

* 1.09S06E- 

MEAN-SOUARED ROSSELANU 

Mfan-FREE-PATH = 9. 

291 56E*0 1 

I PRIME 

= 1.01574E* 



total opacities and VOLUME EMISSION 
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TEMPEHaTUHE * l.OO00OE*04 C/H MASS PATIO = 1.00000E-02 PRESSURE a 1*OOOOOE*02 


omega 

TOTAL MU 

7.B1906E*03 

1 .68855E-01 

9.55663E*03 

1.8B650E-01 

1,12942E*04 

1 .87985E-01 

1 .3q318E*04 

1.81274E-01 

1 *47693E*04 

1.766S7E-01 

1.65069E+04 

1*621] 8E-Q1 

1.82445E*04 

1.48561E-01 

1 .99821E*04 

1.35256E-01 

2*1 7 196E* 04 

1.24702E-01 

2.34S72E+04 

1 . 15054E-01 

2.5l948E*04 

1.06286E-01 

2.69323E*Q4 

9.BU64E-02 

2.B6699E*04 

1.11762E-01 

3.04075E+04 

1.03872E-01 

3.21450E+04 

9.73412E-02 

3.38B26E+04 

9.02803E-02 

3.56202E+04 

8.36033E-02 

3.73578E*04 

7.81729E-02 

3*90953E*04 

7.46386E-02. 

4.08329E+04 

7.23732E-02 

4.25705E*04 

7* 140 1 7E-02 

4 • 43080E*04 

7 • 267 0 IE-02 

4«60456E»04 

7.75974E-02 

4.77B32E*04 

8.63579E-02 

4.95207E*04 

9.78337E-02 

5.12583E*04 

1.20740E-01 

5.29959E>04 

1 *516?6E-01 

5.47335E*04 

1.98090E-01 

5.6471 0E»04 

2. 75533E-01 

5.82086E+04 

3.75215E-01 

5.99462E*04 

4.849 ft 5E-0l 

6. 16B37E*04 

4.57082E-01 

6*3421 3E*04 

4.038S2E-01 

6* 51 589E* 04 

3.58791E-01 

6.68964E*04 

2.62309E-01 


h ( m * t ) 

J 

2,736B7E*06 

4.6?132E*05 

3.51 758E»06 

6.63591E*05 

4.20701E*06 

7.90856E*05 

4.77425E*06 

8.6S448E*05 

6.20408E+06 

9. 19234E*05 

5.49347E*tl6 

8 * 90592F ♦ 05 

5*64844E*06 

8.39140E*05 

5,6Sl23E*06 

7.68420E*05 

5.60789E*06 

6*9931 2E*05 

5.44634E*06 

6.26624E+05 

5.21487E*06 

5.54267E*05 

4,931 04E* 06 

4 • 8361 6E *05 

4*61 095E*06 

5. 15330E*05 

4. 26879E*06 

4*43406E*05 

3.91660E*06 

3.81 246E ♦ 05 

3.56430E+06 

3 • 21 786E+05 

3.21973E*06 

2 *691 80E*05 

2.88886E*06 

2 »25830F*05 

2.57595E+06 

1.92266E+05 

2.28388E*06 

1.65291E*05 

2.0143oE*06 

1.43824E*05 

1 ,76792E*06 

1.28475E*05 

1,54469E*06 

1 • 19864E*05 

1.34401E+06 

1.16066E*05 

1*1 6484E*06 

1*1 3960F*05 

1.00S88E*06 

1 *21 450E*05 

8.65656E+05 

1.312S6E*05 

7.42604E*05 

1.47l02E*05 

6*351 34E*05 

1 • 7S00 1 E* 05 

5*41 686E*05 

2* 03249E ♦ 05 

4.60760E*05 

2* 23453E + 05 

3,9o942E*05 

1 »78692E*05 

3.30917E*05 

i.33641F*05 

2.79480E*0S 

1 * 00275E* 05 

2.35536E+05 

6*1 7832E* 04 


j total = 2.2894oE*io 


PLANCK MEAN OPACITY = 1 *32933E-0l MEAN-SoUAHED PLANCK MEAN OPACITY 
ROSSELANO MEAN-FREE-PATH = 9.13032E + 00 1/ROSSELANL) MEan-FREE-PATH 
MEAN-SOUARED ROSSELANO MEAN-FREE-PATH = 9,28753fc*01 I PRIME 


2.09910E-0? 
1 .09S25E-01 
1 .01530E*0? 



total opacities ano vulume emission 
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TEMPERATURE = 1. 000006*04 C/H MAS6 ratio * 


OMEGA 

total mu 

7.81906E*03 

1 .69478E-01 

9.S5663E*03 

1.88847E-01 

1.12942E*04 

1.88137E-01 

1 .3q318E*04 

1.81378E-0I 

1.476936*04 

1 • 76637E-0 I 

1.650696*04 

1.62075E-01 

I « 824456*04 

1.48562E-01 

1.99821E*04 

1.35362E-01 

2* 171966*04 

1.249Q0E-01 

2.34572E*04 

1 . 16094E-01 

2.51948E+04 

1.06478E-01 

2.69323E*04 

9.82726E-02 

2.86699E*04 

1.11883E-01 

3.040756*04 

1.04120E-01 

3.214506*04 

9.79303E-Q2 

3.38826E*04 

9.04693E-02 

3.56202E*04 

B.38094E-02 

3.735786*04 

7.83985E-02 

3.909536*04 

7.487756-02 

4.08329E*04 

7.26237E-02 

4.257q5E*04 

7.18616E-02 

4.43080E*04 

7.29292E-02 

4.60456E*04 

7 » 78368E-02 

4.77832E*04 

8.6570SE-02 

4.95207E*Q4 

9.80146E-02 

S.12583E*Q4 

1.20839E-01 

5o29959E*04 

1.5I638E-01 

5.473356*04 

1.97971E-0I 

5.647} OE ♦04 

2.75144E-01 

5.82086E*04 

3.74462E-0I 

5.99462E*04 

4.83798E-01 

6,16837E*04 

4.56386E-01 

6.342136*04 

4.036976-01 

6.51589E*04 

3.58974E-01 

6.6B964E*04 

2.63011E-01 


S.0G000t-02 

PRESSURE = 1 • OOOOOE* 02 

B ( w * T ) 

J 

2.73687E*06 

4.63838F*05 

3.5l758E*06 

6.642856*05 

4.20701E*06 

7 • 9 1 494F ♦ 05 

4 .77425E *06 

8.65946F*05 

5.204086*06 

9 • 19234E + 05 

5,49347E*06 

8.903S1F*05 

5.648446*06 

8.391416*05 

5.681236*06 

7.690236*05 

5.607896*06 

7 • 004226*05 

5.446346*06 

6*32289E*05 

5,214876*06 

5. 552676*05 

4,93I04E*06 

4*84587E 4 05 

4,6 1 095E* 06 

5* 15887E* 05 

4,26B79E*06 

4.444646*05 

3.91660E*06 

3. 83553E* 05 

3.56430E*06 

3 • 22460E* 05 

3,219736*06 

2.69044E*O5 

2.888866*06 

2.26482E*05 

2.575956*06 

1 « 928816* 05 

2.283886*06 

1.65864E*05 

2.014306*06 

1.447516*05 

1.767926*06 

1 • 28933E* 05 

1,54469E*06 

1.202346*05 

1.344016*06 

1 . 1 6351 E*05 

1 • 164846*06 

1.141716*05 

1 .005886*06 

1.2I549E*05 

8,65656£*05 

1.31266E*05 

7.42604E*05 

1 .4701 4E*05 

6,35134E*05 

1 .747546*05 

5.416066*05 

2.028416*05 

4.607606*05 

2.229156*05 

3.909426*05 

1.784206*05 

3.309176*05 

1.33590E*05 

2,794806*05 

1.003266*05 

2.35536E*05 

6.194846*04 


j total * 2.29296E*io 


PLANCK MEAN OPACITY = l*33140t-0l MEAN-SuUaRED PLANCK MEAN OPACITY * 
ROSSELANU MEAN-FREE-PATH = 9.1061BE*00 1/ROSSELANO MEAN-FREE-PATH = 
MEAN-SUUARED R05SELAN0 MpAN-FREE-PATH * 9*233l0E*01 I PRIME = 


2.10294E-0? 
I.09R15E-01 
1 • 00907E*0? 
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TOTAL OPACITIES AND VOLUME EMISSION 
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TEMPERATURE s 1.00000E+04 C/H MASS RATIO = b.o0000t-03 PRESSURE =* 5.00000E+Q2 


omega 

TOTAL mu 

7.81 906E*03 

1.70741E*00 

9.55663E*03 

1.91 444E*00 

l.I2942E*04 

I .947o4E*00 

1 .30318E*04 

1.88803E*00 

1.47693E*04 

1.B0876E+00 

1 .65069E+04 

1.67611E»00 

1 « B2445E* 04 

1.54529E*00 

1.99B2IE*04 

1.41 397E+00 

2. 17196E*04 

1 .30984E+00 

2 • 34572E* 04 

1 ,21268E*00 

2.51948E*04 

1 • 12399E + 00 

2.69323E*04 

1 .04 189E + 00 

2.86699E+04 

1.06951E+00 

3.04075E+04 

9.9510IE-01 

3.21450E+04 

9.36909E-01 

3.38826E+04 

8.84214E-01 

3.S6202E*04 

8.46359E-Q1 

3.73578E*04 

8.21234E-01 

3.9o953E*04 

8.2I6S4E-01 

4.08329E+04 

8.3571 8E-0 1 

4.25705E+04 

8.730I8E-0I 

4.43080E+04 

9.54509E-01 

4.60456E+04 

I. 11378E+00 

4.77832E*04 

I.35791E*00 

4.95207E*04 

1,665S0E*00 

5. 1 2&83E* 04 

2«24l64E*00 

5.29959E*04 

2.99994E+00 

5.47335E*04 

4.II903E*OO 

5*64 7ioE*04 

5.95369E+Q0 

5.82086E*04 

8.30447E+00 

5.99462E*04 

l,089l7E*0l 

6.16837E*04 

1.02601E+01 

6.34213E+04 

9.03371E*00 

6.51 589E*04 

7.996P5E*00 

6.68964E+04 

5.75515E+00 


B ( M • T > 

J 

2.73687E*06 

4.67295E«’06 

3.51 758E«06 

6.73421E+06 

4.20701E+06 

B. 19122E 4 06 

4,77425E*06 

9.01 393E ♦ 06 

5.20408E*06 

9.41291E*06 

5.49347E *06 

9,2o765E*06 

5.64B44E* 06 

8.7?849E*Q6 

5.68123E*06 

8.0331 OE*06 

5.60789E*06 

7.34542E*06 

5.44634E*06 

6 » 60464E *06 

5.21 407E*O6 

5.861 48F*06 

4.93l04E*06 

5.1 3762E*06 

4.61095E*06 

4.931 45E + Q6 

4.26879E*06 

4.24787E+06 

3.91 660E*06 

3.66949E-*06 

3.56430E«06 

3. 1S160E 4 06 

3,21973E«06 

2.7?505E*06 

2.88886E*Q6 

2.37243E*06 

2.57595E«06 

2. 1 1 654E'*C6 

2«28388E 4 06 

1.90868E*06 

2.01430E*06 

1 , 76852E * 06 

1 . 76 792E*06 

1.68749E*06 

1.54469E*06 

1 • 7?044E* 06 

1 . 3440 1E 4 06 

1.82504E*06 

1.16484E*06 

1.94004F*06 

1.00588E+06 

2. 25482E* 06 

8.6Se>S6E*05 

2.59692E*06 

7.42604E*05 

3.05940E*06 

6* 351 34E*05 

3.78I39E*Ci6 

5.41686E*05 

4.49842E*06 

4.60 76oE*Q5 

5. 0 1 84BE*06 

3.90942E*05 

4.01 1 1 OE* 06 

3.30917E*05 

2. 9894 1F*06 

2.79480E^05 

2.23479E*06 

2.35536E+05 

1 .35554E*06 


J [OTAL = 2«68973E*I1 


PLANCK MEAN OPACITY = 1«S617«E*00 MEAN-SQUARED PLANC* MEAN OPACITY 
ROSSELAND MEAN-FREE-PATH = 8.19927E-01 I /HOSSEL AND MEAN-FREE-PATH 
MEAN-SQUARED ROSSELAND MEAN-FREE-PATH 3 7.65292E-01 I PRIME 


4.1 22S4E*00 
1 .21962E*00 
7.6623&E-01 
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TOTAL OPACITIES AND VOLUME EMISSION 


68 


TEMPERATURE » 1.00000E+04 C/h MASS RATIO * l*00000t-02 PRESSURE « 5*OQOOOE*02 


OMEGA 

total MU 

7*81 906E»03 

1 .70776E + 00 

9.55b63E*03 

1.91520E*00 

1.12942E*04 

1.94832E*00 

1.3q318E*04 

1.8B942E*00 

1.47693E*04 

1 »809h7E*00 

1.65069E*04 

1.67692E+00 

1.82445E+04 

1.54595E*00 

1.99821E*04 

I.41465E*00 

2* I7196E*04 

i.3l056E*00 

2* 34572E* 04 

1.21600E*00 

2.51948E*04 

1 • 12485E + 00 

2.69323E+04 

1.04257E»00 

2.86699E*04 

1 *0701 3E*00 

3.04075E*04 

9.96007E-01 

3*21 450E+04 

9.38780E-0I 

3.38826E*04 

8.84787E-0I 

3.56202E+04 

8.46926E-01 

3.73578E*04 

8.218 0 5E-01 

3.90953E+04 

8.22223E-01 

4* 08329E* 04 

8.36293E-01 

4.25705E+04 

8.73758E-0I 

4.43080E+04 

9.55093E-01 

4* 60456E* 04 

1 • 1 1431E* 00 

4.77832E*04 

I *35B36E+ 00 

4«95207E*04 

1.66586E*00 

5.I2583E*04 

2.24179E*00 

5.29959E+04 

2.99990E*00 

5.47335E*04 

4.119b1E*06 

5.64710E+04 

5.95272E+00 

5.82086E+04 

8.30262E* 00 

5.99462E+04 

1.08889E*0l 

6.I6837E*04 

1.02589E+01 

6.34213E*04 

9.03429E*00 

6.51589E+04 

7.99791E+00 

6.6B964E*04 

5.75830E*00 


j total * 


8 (w * T ) 

J 

2.73687E+06 

4.67391E*06 

3. SI 7S8E*Ob 

6*7 3688F ♦ 06 

4*20 701E*06 

8*1 966 1 E ♦ 06 

4.7742SE*0b 

9.020S9E*06 

5*20408E*0b 

9.41873E*06 

5*4934 7E*06 

9.2l209E*06 

5«b4844E*06 

8.73218E*06 

5.68l23E*0b 

8* 03696E* 06 

5.60789E*0b 

7.34947E*06 

5.44634E*0b 

6.6p274E*06 

5.21487E*0b 

5.86596E+06 

4,931O4E*0b 

5. I4094E + 06 

4*61 09SE*06 

4*93433E*06 

4 ,26B79E*06 

4.25I74E*06 

3.91660E*06 

3.67671E*06 

3.56430E+06 

3.15365E 4 06 

3.21973E*06 

2.7?687F*06 

2.88886E*06 

2.37408E+06 

2.57S95E*0b 

2*1 1801E*06 

2* 28388E* Ob 

l • 90999E* 06 

2.01430E*06 

1 • 76001E* 06 

1.76792E*0b 

1.68853E»06 

1.54469E*06 

1«72127E*06 

1.34401E*06 

1 • 82564£*06 

1 • 16484E 4 06 

1.94046E*06 

I*00588E*0b 

2* 2S497E* 06 

B.65656E 4 05 

2.596B8E*06 

7.42604E*05 

3.0S916E+06 

6.35134E+0S 

3* 78078E 4 06 

5.41686E 4 05 

4.49742E 4 06 

4,60760E*05 

5.01716E 4 06 

3.90942E*05 

4.01063E*06 

3.30917E*05 

2.98960E*06 

2.7948OE*05 

2.23525E+06 

2.35536E*05 

1.35629F*06 


2.69126E*U 


PLANCK MEAN OPACITY = 1*S6267E*00 MEAN-SuUARED PLANCK MEAN OPACITY s 
ROSSELANO ME AN-F REE-PA TH = 8.19275E-01 1/ROSSELAND MEan-FREE-PATH = 
MEAN-SQUARED ROSSELANO MeAN-FREE-PATH * 7.64Q28E-01 I PRIME » 


4*1 2452E* 00 
1.22059E+00 
7*65035E-0 1 



£L~ 


TO 1 AL OPACITIES AND VOLUME EMISSION 


69 


TEMPERATURE * 1,OOOOQE*04 C/H MASS HATIO » 5.00000E-02 PRESSURE * 5.00000E*02 


O 


OMEGA 

TOTAL mu 

B (M f T ) 

J 

7 »81 906E+03 

1 ,71977E*00 

2.73687E*06 

4.706786*06 

9.55663E*03 

1.934766*00 

3.5l758E*06 

6.805686*06 

1.12942E*04 

1 «97753E*00 

4.20701E*06 

8.3l947E*06 

1 • 3o3l 8E+04 

1.91916E*00 

4.77425E*06 

9.162576*06 

1 .47693E*04 

1.830386*00 

5.2Q408E*06 

9.525476*06 

1 .650696*04 

1.68692E*00 

5.49347E*06 

9.267o5E*06 

1 »82445E*04 

1.550396*00 

5.64844E*06 

8.757306*06 

1 .998216*04 

1 .418416*00 

5.681236*06 

8. 058296 *06 

2. 17196E*04 

1.31507E»00 

5.607896*06 

7.374746*06 

2.34572E*04 

1.23870E*Q0 

5.44634E*06 

6,746376*06 

2.5l948E*04 

1.127e7E*00 

5.214876*06 

5.88171F*06 

2.69323E*04 

I « 04434E*00 

4»93l04E*06 

5,14968E*06 

2.86699E*04 

1.07187E+00 

4.61095E*06 

4.94234E*06 

3.04075E*04 

1. 000196*00 

4.26879E*06 

4,26958E*06 

3 .21 450E*04 

9.50377E-01 

3.91660E*0b 

3.722246*06 

3.380266*04 

8.87221E-01 

3,56430E*06 

3.162326*06 

3.56202E+04 

8.49837E-01 

3.219736*06 

2.736256*06 

3.73578E*04 

8,254o9E-Oi 

2.888866*06 

2.384496*06 

3.90953E+04 

8.266576-01 

2.57595E*06 

2.12943E*06 

4.08329E*04 

3.418856-01 

2.283086*06 

I.9?276E*06 

4.2570SE*04 

8.8543ZE-01 

2.01430E*06 

1.783526*06 

4. 430806*04 

9.640356-01 

1.76792E*06 

1.70433E*06 

4.60456E*04 

1.12525E*00 

1 »54469E*0b 

1.7381 7E*06 

4.77832E+04 

1.372046*00 

1. 344016*06 

1.84402E*06 

4.95207E*04 

1 ,66368E*00 

1.164846*06 

1 .961226*06 

5.12583E*04 

2.265226*00 

1 ,00588E*06 

2 »27854E*06 

5.299596*04 

3.032?7E*00 

8.65b56E*05 

2.6?533E*06 

5.47335E*04 

4.165986*00 

7.426046*05 

3.09367E*06 

5.64710E*04 

6.01S36E*00 

6.351346*05 

3.82056E*06 

5.820866*04 

8.384o2E*00 

5.41686E*05 

4.541516*06 

5. 99462E* 04 

1 • Q9896E* 0 1 

4.b07b0E*05 

5.063596*06 

6.168376*04 

l.039s9E*0l 

3.909426*05 

$.064206*06 

6 * 342 1 3E* 04 

9.20061E*00 

3.3o917£*05 

3.04464E*06 

6.5I589E+04 

8.17603E*00 

2.79480E*05 

2.285036*06 

6.689646*04 

5.93791E*00 

2.35b36E*05 

1.398596*06 


J InTAL a 2.71533E*ll 


PLANCK MEAN OPACITY * 1.57664E+00 MEAN-SQUARED PLANCK MEAN OPACITY = 4.21728E*00 
ROSSELAND MEAN-FREE-PATH s 8.13767E-01 1/ROSSELAND MEAN-FREE-PATH = 1,228BSE*00 
MEAN-5OUARE0 ROSSEUAND MeAN-FREE-PATH = 7.54326E-01 ' I PRIME = 7.S4875E-01 
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TOTAL OPACITIES AND VULIJME EMISSION 


70 


0 


TEMPERATURE = 1.00000E+04 C/H MASS RATIO = b.OOOOOt-03 PRESSURE * 1.00000E+03 


OMEGA 

total mu 

7.«1906E*03 

4 »60839E*00 

9.S5663E+03 

5. 12927E+00 

1.12942E*04 

5.22513E+00 

1.303l8t»04 

5.064ft0E*00 

1 .47b93E*04 

4.82610E+00 

1 .65069E*04 

4.47990E*00 

1 .82445E*04 

4.13474E+00 

1.99B21E*04 

3 . 78763E* 00 

2» 17l96E*04 

3.51 J?1E+00 

2.34S72E*04 

3.25937E+00 

2.51948E*04 

3. 02348E + 0Q 

2.69323E*04 

2.80849E+00 

2.86699E*04 

2.81 064E+00 

3. 04075E* 04 

2.62109E*00 

3.21450E*04 

2.47980E*00 

3.38b26E>04 

2.361S4E*00 

3.56202E*04 

2.29B90E*00 

3.73578E+04 

2.27329E*00 

3.9<)953E*04 

2.33096E*00 

4.0B329E*04 

2.42997E+00 

4.25705E*04 

2*61 005E+00 

4.43080E*04 

2.94727E+00 

4.60456E*04 

3 .566S5E + 00 

4.77832E*04 

4.49494E+Q0 

4.95207E+04 

5.65749E*00 

5. 12583E+04 

7 *81 055E + 00 

5 • 29959E *04 

1.063?OE*OI 

5.47335E*Q4 

1.47843E*01 

5*647 10E+04 

2* 156 0 6E*0l 

5.82086E*04 

3.02398E*0l 

5 .99462E+04 

3.97917E*01 

6.1b837E*04 

3.74809E+01 

6.34213E+04 

3.29764E*01 

6.51 589E+04 

2.91659E*01 

6.68964E*04 

2 .091 80E*0 1 


B < w , T ) 

J 

2V73bH7t»06 

1 .26125E+07 

3.51 758E*0b 

1 .80426E.07 

4.20701E*06 

2. 19822E*07 

4, 77425E *06 

2.41797E*07 

5.20408E*06 

2.511 54E.07 

5.49347E+06 

2.461o2E*07 

5.64844E*0b 

2.33548E*07 

5.68123E*0b 

2.15184E*07 

5.60/89E*06 

1.97017E*07 

5.44634E* 06 

1.77516E*07 

5.21487fc*06 

1.57671E*07 

4.931 04E*06 

1 . 384 8 8E *07 

4.61 095E*06 

1.29597E*07 

4.26879E+06 

1. 11889E.07 

3.91660E+06 

9.71238E*06 

3.56430E*06 

8.41725E*06 

3,21973E*06 

7.401 86E*06 

2.88886E*06 

6.56720F 4 06 

2.57595E*06 

6 , 00444E* 06 

2.2838BE*06 

5.54975E*06 

2.01430E*06 

5.25741E*06 

1.76792E*06 

5. 21 05?E*06 

1.54469E*06 

5.5o922E 4 06 

1 .3440 1E*06 

6.04122E*06 

1.16484E*06 

6.59004E.06 

1 .00&88E+Q6 

7.8S646E*06 

8.65656E*05 

9 • 20362E ♦ 06 

7.42604E+05 

1 .09789E + 07 

6.35134E*05 

1.36939E*07 

5.41 686E*05 

1.63805E*07 

4.60760E*05 

1 .83344E*07 

3.90942E 4 05 

1.46529E+07 

3,30917E*05 

1.09125E+07 

2.79480E*05 

8.15128E+06 

2.35536E*05 

4.92695E+06 


J ?OTA|_ = 7.81883E+11 


PLANCK MEAN OPACITY = 4»53997E*00 

HOSSELAND MEAN-FREE-PATH = 2.94992E-01 

MEAN-SUUAHEO HOSSELAND ME AN-FREE-PATH = 


MFAN-SUUAHED PLANCK MEAN OPACITY = 
I/ROSSELAND ME AN-FREE-PATH = 
1.00088E-01 I PRIME a 


4.424l0E*0} 

3.38992E*00 

9.65290E-02 
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TOTAL OPACITIES AND VOLUME EMISSION 


71 


TEMPEHATURE = 1.00000E+04 C/H MASS RATIO * l.OOOOOE-OZ PRESSURE * 1»OOOOOE*03 


omega 

total mu 

B(W*T) 

J 

7*81 906E+03 

4.61291E+00 

2.73687E+06 

1.26249E407 

9.55b63E*03 

5* 134S3E+Q0 

3*51 758E*0& 

1*80611E*07 

1.12942E*04 

5.23232E*00 

4*20701E406 

2.20124E407 

1.3o318E*04 

5.07172E*00 

4,77425E*06 

2.4?137E*07 

1.47693E*04 

4.830B5E+00 

5«20408E*06 

2,5140IF*07 

1 .65069E + 04 

4,48200E*00 

5.49347E406 

2.46217E407 

1 .B2445E+04 

4.13537E+00 

S.64844E406 

2.33584E*07 

1.99821£*04 

3.78803E400 

5*681 23E*06 

2. 15206E*07 

2,17196E*04 

3.51370E+00 

5.60789E*06 

1 *97044E*07 

2.34572E*04 

3#269a4E* 0 0 

5.44634E406 

1.78065E+07 

2.51948E+0* 

3 • 02458E*00 

5.21487E*06 

1.57728E*07 

2.69323E*04 

2.80900E400 

4 *931 Q4E*06 

1 *3851 3E*07 

2.86699E+04 

2.81U2E400 

4.61095E+06 

1,29619E*07 

3.04075E*0* 

2.622ft9E*00 

4,26879E*06 

1*1] 957E*07 

3,21450E*04 

2*48493E+00 

3,91660E*06 

9.73248E*06 

3»38826E«04 

2*3621 1E + 00 

3.56430E*06 

8.41926E406 

3*56202E*04 

2.299S6E*00 

3,21973E*06 

7.4o396E*06 

3.73578E*04 

2*27409E+00 

2«88806E+O6 

6.56952E406 

3.9o953E*04 

2.33193E+00 

2.57595E*06 

6* 00695E* 06 

4.08329E*04 

2.43123E400 

2.28388E* 06 

5.55264E406 

4.25705E*04 

2.61234E*00 

2.0143oE*06 

5.262O4E*06 

4.43080E*04 

2.94946E*00 

1.76792E406 

5.21440E406 

4»6q456E*04 

3*569] OE*00 

1 ,54469E 4 06 

5.5l315E*06 

4.77832E»04 

4.49771E+O0 

1*34401E*06 

6* 04494E* 06 

4.95207E*04 

5.66062E+00 

1.16484E*06 

6.59369E*06 

5. 125B3E*04 

7.81403E*00 

1.00588E*06 

7*85997E*06 

5.29959E+04 

1.06365E401 

8.65656E*05 

9.20759E406 

5.47335E*04 

1.47906E*01 

7.42604E*05 

1 • 09836E*07 

5.647l0E^04 

2.15682E401 

6.35134E*05 

1.36987E407 

5.82086E«04 

3«02486E*0l 

5*4 1686E*05 

1.63853E*07 

5.99462E*04 

3.98016E40I 

4,60760E*O5 

1»83390E*07 

i*46606E*07 

6.16837E+04 

3.75008E*01 

3.9o942E*05 

6.34213E*04 

3.30056E+01 

3.30917E*05 

1»09221E*07 

6.51589E+04 

2.9l998E*0l 

2.79480E*05 

8.16075E406 

6.68964E*04 

2.095S6E*01 

j total * 

2.35536E+05 
7 *82449£ ♦ 1 1 

4*93580E*06 


PLANCK MEAN OPACI1Y = 4#54J26fc*00 MEAN-SUUARED PLANCK MEAN OPACITY 
ROSSELANU MEAN-FHEE-PATH = 2.94791E-G1 1/ROSSELAND MEAN-FREE-P ATH 
MEAN-SUUAHEl) ROSSELAND ME AN-FREE-PATH = 9.99546E-02 i PRIME 


4 • 42955E *01 
3*39?24E*00 
9t64069E-0? 
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TOTAL OPACITIES AND VOLUME EMISSION 


it 


TEMPERATURE * 1.00000E»IH C/H MASS PATIO 


OMEGA 

TOTAL MU 

7.81 906E»03 

4.67 752E*00 

9.55b63E 4 03 

5.2fel92E*00 

1.1 2942E *04 

5.4221 1E + 00 

1 .30318E*04 

5.265S8E*00 

1 .47693E*04 

4.9b7s7E«-00 

1.65069E 4 04 

4 • 55072E* 00 

1 .8?445E 4 04 

4,16402E*00 

1 »99821E 4 04 

3.80523E*Q0 

2. 17196E 4 04 

3.53052£*00 

2.34572E*04 

3. 346g7E+00 

2.51948E*04 

3.03568E+00 

2 • 69323E* 04 

2.81568E*00 

2.86699E+04 

2.81795E*00 

3.04075E+04 

2.63764E*00 

3.21450E 4 04 

2.525l2E*09 

3.38B26E*04 

2.37182E*00 

3.56202E 4 04 

2.311 89E+00 

3.73578E*04 

2.29040E>00 

3.9o953E*04 

2.3S360E*00 

4.08329E*04 

. 2.46065E+00 

4.25705E*04 

2.6b?0lE*00 

4.43080E+04 

3.00317E+00 

4»b0^56E 4 04 

3.638?8E*00 

4*77B32E*04 

4,58814E*00 

4.95207E 4 ,04 

5*78139E*00 

5.I2S83E*04 

7.979o5E*00 

5.29959E*-04 

1 » 08726E*0 1 

5.47335E*04 

1.51297E*01 

5.64710E+04 

2.20386E*01 

5.B2086E 4 04 

3.08753E+01 

5.99462E 4 04 

4.05925E+01 

6.16837E*04 

3.05Q46E+O1 

6.342l3E 4 04 

3.41695E*01 

6.51 589E 4 04 

3. 04201E+0 1 

6.68964E+04 

2.21469E+01 


j Total ■ 


b.o0000t-02 

PRESSURE = 1 »OOOOOE 4 03 

B (w. T ) 

J 

2.73b87E 4 06 

1 .2801 8E 4 07 

3.51 / 58E 4 0b 

1 .8S093E 4 07 

4,20 701E 4 06 

2.28109F 4 07 

4,77425E*0b 

2.5l39?E*07 

5.20A08E 4 0b 

2.5851 6E 4 07 

5«49347E 4 0b 

2.49992F 4 07 

5»64844E 4 0b 

2.35202E*07 

5.68123E 4 06 

2.161 84E 4 07 

5.60 789E 4 0b 

1.97988E*07 

5.44634E 4 06 

1 • 82282E 4 07 

5.2 1 487E 4 06 

1 . 58307E 4 07 

4.93l04E 4 0b 

1 . 38B42F *07 

4,61095E 4 0b 

1 • 29934F 4 07 

4.268 79E 4 06 

1 . 1 2595E *07 

3.91660E 4 06 

9.88986E 4 06 

3.56430E*0b 

8.45389E 4 06 

3.21 973E 4 0b 

7.44368E 4 06 

2»88B86E 4 06 

6.61 664F*06 

2.57S95E 4 0b 

6.06276F.06 

2.28388E 4 0b 

5.6l98?F 4 06 

2»01430E 4 06 

5.37216E*06 

1.76792E 4 06 

5.30936E 4 06 

1 »54469E 4 06 

5.62Q79F 4 06 

1 «34401E 4 06 

6.1 6649F ♦ 06 

1 . 16484E 4 06 

6.73*37E*06 

1 . 00588E 4 06 

8. 02595E 4 06 

8.65656E 4 05 

9.4U89E 4 06 

7,42604E 4 05 

1 • 12353E 4 07 

6.35134E 4 05 

1.39974E*07 

5.41b86E 4 0b 

1.67247E 4 07 

4.60760E 4 05 

1 . 87034E 4 07 

3.90942E*05 

1 *5o530E 4 07 

3.30917E 4 05 

i« 13073F 4 07 

2»7948oE 4 05 

8.50180E 4 06 

2.35536E 4 05 

5.21640E 4 06 


7»97045E*11 


PLANCK MEAN OPACITY = 4*62802E+Qo MEAN-SuUa«EL> PLANCK MEAN OPACITY * 
HOSSELANU MEAN-E HEE-PATH = 2.91470E-01 1/ROSSELAND ME AN-FHEE-PATH = 
MEAN-SUUAPEO POSSELAND Me AN-FREE-PATH e 9. 79499E-02 I PRIME = 


4.645l4E*01 

3.43088E*00 

9.44237E-0? 



APPENDIX E 


DESCRIPTION OF THE PHOION SUB -ROUTINE 
OF THE OPSAB COMPUTER PROGRAM 

Since this sub-routine is a recent addition to the OPSAB 
program and has not been previously described in any referencable 
document, it will be discussed here in some detail. The remainder 
of the OPSAB computer program is thoroughly described in Ref. 24. 

The aim of the PHOION sub-routine is to compute the aver- 
aged linear spectral absorption coefficients in the chosen spectral 
averaging intervals for photoionization absorption by neutral C-, 

N-, O-, and H-atoms (only C- and H-atoms are of interest in the 
present work). The approach adopted makes use of published photo- 
ionization cross section data for these atoms, together with the 
computed mole fractions of the atoms (from the HUG computer pro- 
gram). The cross section data are read into the OPSAB program 
in tabular form. These data are interpolated in each of the spectral 
averaging intervals to find the values of the cross sections at the 
interval mid-points. These, together with the input atomic mole 
fractions, yield the value of the spectral absorption coefficients at 
the mid-points of the spectral averaging intervals. These calcula- 
tions are performed only for temperatures greater than 3000° K, 
since the available cross section data do not extend to temperatures 
below 3000° K for C-, N-, and O- atoms. This is not a serious 
limitation, since atomic photoionization absorption by these species 
is not important at temperatures less than 3000° K for the spectral 
range to which we limit our calculations with the OPSAB program 
(wavenumbers less than about 72, 000 cm - ^ ; the maximum wave 
number considered in the present work is less than 68, 000 cm“^). 

We have taken the spectral absorption cross sections for 
neutral C-, N-, and O-atoms from the work of Wilson and Nicolet'' 5 , 
who give tabular "effective 11 cross sections, summed over all permis- 
sible initial and final electronic states for the temperature range 
T = 3000 - 24, 000° K, in steps of 1000° K, and the wave number 
ranges co = 1610 - 161,000 cm~ . Their "effective" cross sections, 

CTi (w , T) (cm2), where i refers to the species neutral C-,N-, or' 
O-atoms, are given per atom,regardless of its electronic state. 

We compute the number density of species i, N^ (cm“ J ), from its 
known mole fraction, Cj(P, T), from 
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N (P, T) = C.(P, T) (0. 73397 X 10 22 ) (P/T), (E-l) 

where P{ atm) is the gas pressure, and T(°K) its temperature. 

Then the spectral absorption coefficients for photoionization absorp- 
tion, (cm-1), are found from 

*1.(5, P 3 T) = CT.Cw, T) N.(P, T) , (E-2) 

where the CO are the mid-points of the spectral averaging intervals 
chosen. We should note here that the values of <jf( w, T) used also 
include the free-free contributions, but not the induced emission con- 
tributions, These give little error in our calculations of photoioni- 
zation absorption, since the free-free contributions included are 
negligible for the spectral range and conditions of interest here and 
the induced emission effects are small, except for the lowest 
spectral frequencies at the highest temperatures considered here, 
where photoionization absorption is small compared to absorption 
due to other mechanisms, notably photodetachment absorption by 
H~-ions. The induced emission correction could have been added 
in Eq. {E-2), but this has not been done. The present author is not 
aware of any extensive calculations of absorption cross sections for 
neutral carbon atoms which do not include the free-free contributions, 
and for this reason the results of Ref. 38 have been used. 

For H-atoms we have used the photoionization cross-sections 
of McDowell ( 39) for electronic levels with principal quantum number 
n = 2 to 8, inclusive. We do not consider the n = 1 level, since its 
photoionization edge falls beyond the spectral range of our interest; 
the levels with n > 8 are neglected following the work of Marlow(40), 
which indicates that for the temperatures and pressures usually con- 
sidered in calculations with the OPSAB computer program, that the 
level with n = 8 is approximately the highest having an appreciable 
occupation. This choice is somewhat arbitrary, but becomes quite 
reasonable at high gas pressures (~ 10 atm. and greater^) and/or 
low temperatures. McDowell's theoretical cross sections extend 
to levels with n = 15(39), but we have limited the complexity of the 
computer calculations, without great loss in accuracy, by truncating 
the calculations at n = 8. 

Tabular cross section data, taken from the continuous curves 
of McDowell, are input to the OPSAB program for levels with n = 2 
to 8, inclusive. Interpolations in these tables by the OPSAB program 
yield the values of the cross sections at the mid-points, of the 


E-2 



spectral averaging intervals chosen. The averaged, linear spectral 
absorption coefficient for photoionization of neutral H-atoms, jLl^ 

(W, T) (cm - *), is then found from 

8 

(«, T) = 2 Cf ( 60 ) . N (P, T), (E-3) 

H n=2 n n 

where the (T n (ti)) are the interpolated cross sections, and N n (P, T) 
is the occupation of the level with principal quantum number n 
(cm” 3), found from 

N (P,T) = N (P,T) n 2 -exp 

n xi 

for n = 2 to 8, inclusive, with T the gas temperature and N (P, T) 
(cm”3) the number density of H-atoms. Nj^(P, T) is found from the 
computed mole fraction of H-atoms as in Eq. (E-l). The induced 
emission contributions have also not been taken into account here. 

The OPSAB program sums the /Ltj(td, T), in each spectral 
averaging interval to obtain the total (averaged) linear spectral 
absorption coefficient (cm - *), due to photoionization of C-, H-, N-, 
and O-atoms (for only C - and H-atoms in the present work), and 
prints this out, as well as the contribution due to each of the separate 
species considered. The averaged spectral absorption coefficients 
so computed are not strictly the local Planck mean values, but are 
sufficiently close to them, especially for narrow (a few thousand 
wave numbers and less) spectral averaging intervals, as to give 
little error in comparison to the inaccuracies inherent in the 
theoretical cross sections used. 
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APPENDIX F 


NEW TECHNOLOGY AND PATENTS 

After a diligent review of the work performed under this 
contract, NAS3-11842, it has been determined by Heliodyne Corpo- 
ration that no new innovation, discovery, improvement, or invention 
was made during the course of the work performed, and that no 
patentable items can result from this work. 
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